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Drug-Induced Liver Injury: 
Premarketing Clinical Evaluation 



This draft guidance, when finalized, will represent the Food and Drug Administration's (FDA's) current 
J thinking on this topic. It does not create or confer any rights for or on any person and does not operate to 
bind FDA or the public. You can use an alternative approach if the approach satisfies the requirements of 
the applicable statutes and regulations. If you want to discuss an alternative approach, contact the FDA 
staff responsible for implementing this guidance. If you cannot identify the appropriate FDA staff, call 
the appropriate number listed on the title page of this guidance. 



15 
16 
17 

18 I. INTRODUCTION 

19 

20 This guidance is intended to assist the pharmaceutical industry and other investigators who are 

2 1 conducting new drug development in assessing the potential for a drug 2 to cause severe liver 

22 injury (i.e., fatal, or requiring liver transplantation). In particular, the guidance addresses how 

23 laboratory measurements that signal the potential for such drug-induced liver injury (DILI) can 

24 be obtained and evaluated during drug development. This evaluation is important because most 

25 drugs that cause severe DILI do so infrequently; typical drug development databases with up to a 

26 few thousand subjects exposed to a new drug will not show any cases. Databases do, however, 

27 often show evidence of a drug's potential for severe DILI if the clinical and laboratory data are 

28 properly evaluated for evidence of lesser injury that may not be severe, but may predict the 

29 ability to cause more severe injuries. This guidance describes an approach that can be used to 

30 distinguish signals of DILI that identify drugs likely to cause significant hepatotoxicity from 

3 1 signals that do not suggest such a potential. This guidance does not address issues of preclinical 

32 evaluation for potential DILI, nor the detection and assessment of DILI after drug approval and 

33 marketing. 
34 

35 FDA's guidance documents, including this guidance, do not establish legally enforceable 

36 responsibilities. Instead, guidances describe the Agency's current thinking on a topic and should 

37 be viewed only as recommendations, unless specific regulatory or statutory requirements are 



1 This guidance has been prepared by the Division of Gastroenterology Products, the Office of Medical Policy, and 
the Office of Surveillance and Epidemiology in the Center for Drug Evaluation and Research (CDER) in 
cooperation with the Center for Biologies Evaluation and Research (CBER) at the Food and Drug Administration 
(FDA). 

2 This guidance uses the term drug or product to refer to all products, except whole blood and blood components, 
regulated by CDER and CBER, including vaccines, and uses the term approval to refer to both drug approval and 
biologic licensure. 
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38 cited. The use of the word should in Agency guidances means that something is suggested or 

3 9 recommended, but not required. 

40 

41 

42 II. BACKGROUND: HEPATOTOX1CITY 

43 

44 Hepatotoxicity has been the most frequent single cause of safety-related drug marketing 

45 withdrawals for the past 50 years (e.g., iproniazid), continuing to the present (e.g., ticrynafen, 

46 benoxaprofen, bromfenac, troglitazone, nefazodone). Hepatotoxicity discovered after approval 

47 for marketing also has limited the use of many drugs, including isoniazid, labetalol, 

48 trovafloxacin, tolcapone, and felbamate (Temple 2001). Several drugs have not been approved 

49 in the United States because European marketing experience revealed their hepatotoxicity (e.g., 

50 ibufenac, perhexiline, alpidem). Finally, some drugs were not approved in the United States 

5 1 because premarketing experience provided evidence of potential toxicity (e.g., dilevalol, 

52 tasosartan, ximelagatran). Although most significant hepatotoxins have caused predominantly 

53 hepatocellular injury, indicated by leakage of aminotransferase (AT) enzymes from injured liver 

54 cells without prominent evidence of hepatobiliary obstruction, the pattern of injury can vary. 

55 Many drugs cause cholestasis, but in general this condition is reversible after administration of 

56 the offending drug has stopped. Cholestatic injuries are less likely to lead to death or transplant, 

57 although there have been exceptions. 
58 

59 Drugs cause liver injuries by many different mechanisms. These injuries resemble almost all 

60 known liver diseases and there are no pathognomonic findings, even upon liver biopsy, that 

61 make diagnosis of DILI certain. Therefore, when possible DILI is suspected, it is essential to 

62 gather additional clinical and laboratory information, to observe the time course of the injury, 

63 and to seek alternative causes of the liver injury, such as acute viral hepatitis A, B, or C, 

64 autoimmune or alcoholic hepatitis, biliary tract disorders, and circulatory problems of 

65 hypotension or right heart congestive failure that may cause ischemic or hypoxic hepatopathy. It 

66 is also prudent to assess the subject for previously existing liver disease, such as chronic hepatitis 

67 C or nonalcoholic steatohepatitis (NASH), that may or may not have been recognized before 

68 exposure to the experimental drug. 

70 Only the most overt hepatotoxins can be expected to show cases of severe DILI in the 1 ,000 to 

7 1 3,000 subjects typically studied and described in a new drug application (NDA). Overtly 

72 hepatotoxic agents (e.g., carbon tetrachloride, chloroform, methylene chloride) are toxic to 

73 anyone receiving a large enough dose, and drugs that cause such predictable and dose-related 

74 injury generally are discovered and rejected in preclinical testing. More difficult to detect is 

75 toxicity that is not predictable or clearly dose-related, but seems to depend on individual 

76 susceptibilities that have, to date, not been characterized. Most of the drugs withdrawn from the 

77 market for hepatotoxicity have had rates of death or transplantation in the range of <1 per 

78 1 0,000, so that a single case of such an event would not be reliably found even if several 

79 thousand subjects were studied. Cases of severe DILI have rarely been seen in drug 

80 development programs of significantly hepatotoxic drugs. 
81 

82 What are regularly seen during drug development are mild liver injuries, often laboratory signals 

83 without any symptoms. The problem is that both drugs capable of severe DILI and drugs that 
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84 have a low potential for causing severe injury (e.g., aspirin, tacrine, heparin, hydroxyl- 

85 methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (statins)) can generate these types 

86 of signals. Therefore, an approach is needed that can distinguish drugs likely to cause severe 

87 DILI from drugs unlikely to do so. 
88 

89 In general, the type of liver injury that leads to severe DELI is a predominantly hepatocellular 

90 injury. Hepatocellular injury is indicated by rises in serum AT activities reflecting release of 

91 alanine or aspartate aminotransferase (ALT or AST) from injured liver cells. The ability to cause 

92 some hepatocellular injury, however, is not a reliable predictor of a drug's potential for severe 

93 DILI. Many drugs that cause transient rises in serum AT activity do not cause progressive or 

94 severe DILI, even if drug administration is continued. It is only those drugs that cause 

95 hepatocellular injury extensive enough to affect the liver's functional ability to clear bilirubin 

96 from the plasma or to synthesize prothrombin and other coagulation factors that cause severe 

97 DELI. It is important to identify those drugs as rapidly as possible. 
98 

99 The drugs that have caused severe DILI in humans have not shown clear hepatotoxicity in 

100 animals, generally have not shown dose-related toxicity, and, as noted, generally have caused 

101 low rates of severe injury in humans ( 1 in 5,000 to 1 0,000 or less). These reactions thus appear 

102 to reflect host factors and individual susceptibility. Consequently, they have been termed 

1 03 idiosyncratic, meaning dependent upon the individual person' s particular constitution. Whether 

104 they are the result of genetic or acquired differences has not yet been established, and to date no 

105 genetic, metabolic, or other characteristic has been found to predict severe DILI in an individual. 
106 

1 07 Some severe DILI examples have been different from the more commonly seen hepatocellular 

108 idiosyncratic type. Perhexiline, an anti-anginal drug marketed in Europe, produced toxicity 

1 09 within months that had the histological appearance of alcoholic cirrhosis (Pessayre and Biachara 

110 et al. 1 979). Fialuridine caused modest acute liver injury, but most strikingly led to severe 

1 1 1 metabolic acidosis and multiorgan failure as mitochondrial oxidative capacity was obliterated 

1 12 over a period of months (Kleiner and Gaffey et al. 1997; Semino-Mora and Leon-Monzon et al. 

113 1 997). Valproic acid causes hyperammonemic encephalopathy even without notable rises in 

1 14 serum AT activities. Benoxaprofen (Oraflex) induced intrahepatic cholestasis that over many 

1 1 5 months led to significant, sometimes fatal, liver injury, especially in elderly patients (Taggart and 

116 Alderdice 1982). 
117 

1 1 8 Retrospective evaluation of earlier experiences, augmented by recent experience, lead us to 

1 1 9 believe that appropriate testing and analysis in premarketing studies may improve the early 

120 detection of drugs that can cause severe hepatocellular injury. 
121 

122 

123 m. SIGNALS OF DILI AND HY'S LAW 

124 

125 Because hepatocellular injury (AT elevations) is caused both by drugs that rarely, if ever, cause 

126 severe DILI (e.g., aspirin, HMG-CoA reductase inhibitors, heparin) and drugs that do cause such 

127 injury, evidence of hepatocellular injury is a necessary, but not sufficient, indicator of a potential 

128 for severe DELI. The frequency of AT elevation is not a good indicator either, as drugs such as 

129 tacrine (not a cause of severe DILI) can cause AT elevations in as many as 50 percent of 
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1 30 patients. The degree of AT elevation may be a better indicator of potential for severe DILI, but 

131 the most specific indicator is evidence of altered liver function. 
132 

133 As noted, a typical NDA or BLA database usually will not show any cases of severe DILI, even 

134 for a drug that can cause such injury. Many drugs, however, including both significant 

1 3 5 hepatotoxins and drugs that do not cause severe liver injury, cause laboratory evidence of hepatic 

136 injury, with leakage of liver enzymes and the appearance in blood of elevations in serum AT to 



137 levels of 3-, 5-, and greater times the upper limits of normal (ULN). Generally, ALT is 

138 considered a more liver-specific aminotransferase than AST, although it also occurs in many 

139 tissues (Green and Flamm 2002). The finding of a higher rate of such elevations in drug-treated 

140 subjects than in a control group is a sensitive signal of a potential to cause severe DILI, but it is 

141 not a very specific signal. A more specific signal of such potential is a higher rate of more 

1 42 marked peak AT elevations ( 1 Ox-, 1 5xULN), with cases of increases >1 ,000 U/L causing 

143 increased concern. The single clearest (most specific) predictor found to date of a drug's 

144 potential for severe hepatotoxicity, however, is evidence of reduced overall liver function in one 

145 or more subjects, manifested by increased serum total bilirubin (TBL), in conjunction with AT 

146 elevation, not explained by any other cause, together with an increased rate of AT elevation in 

147 the overall study population compared to control. 
148 

149 Recognition of the importance of altered liver function, in addition to liver injury, began with 

1 50 Hyman Zimmerman's observation that drug-induced hepatocellular injury (i.e., aminotransferase 

1 5 1 elevation) accompanied by jaundice had a poor prognosis, with a 1 0 to 50 percent mortality from 

1 52 acute liver failure (in pretransplantation days) (Zimmerman 1 978, 1 999). The reason for this 

153 now seems clear. The liver has a large excess of bilirubin-excreting capacity; injury to 

1 54 hepatocytes sufficient to cause jaundice or near jaundice (i.e., a bilirubin >2 mg/dL) represents 

155 an extent of damage so great that recovery may not be possible in some patients. Zimmerman's 

1 56 observation that hepatocellular injury sufficient to impair bilirubin excretion was ominous has 

157 been used at the Food and Drug Administration (FDA) over the years to identify drugs likely to 

158 be capable of causing severe liver injury, as distinct from drugs that cause lesser hepatocellular 

1 59 injury (i.e., AT elevation without bilirubin elevation) but are not as likely to cause severe injury 

160 (e.g., aspirin, tacrine, heparin). The observation of the critical importance of altered liver 

1 6 1 function has been referred to informally as Hy 's Law (Temple 200 1 ; Reuben 2004). 
162 

1 63 Briefly, Hy 's Law cases have the following three components: 



164 

1 65 1 . The drug causes hepatocellular injury, generally shown by more frequent 3-fold or 

1 66 greater elevations above the ULN of ALT or AST than the (nonhepatotoxic) control 

167 agent or placebo. 

1 68 2. Among subjects showing such AT elevations, often with ATs much greater than 3xULN, 

1 69 some subjects also show elevation of serum TBL to >2xULN, without initial findings of 

1 70 cholestasis (serum alkaline phosphatase (ALP) activity >2xULN). 

171 3 . No other reason can be found to explain the combination of increased AT and TBL, such 

172 as viral hepatitis A, B, or C, preexisting or acute liver disease, or another drug capable of 

173 causing the observed injury. 
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175 Finding one Hy's Law case in clinical trials is ominous; finding two is highly predictive of a 

1 76 potential for severe DILI. Clinical trials of the beta blocker dilevalol (enantiomer of labetalol, a 

177 diastereoisomeric mixture), showed two such cases in about 1,000 exposures. The drug was not 

178 approved in the United States, and examination of a postmarketing study in Portugal revealed 

179 fatal liver injury. Clinical trials of tasosartan, an angiotensin II blocking agent, showed a single 

1 80 Hy's Law case. The manufacturer was asked to do a large-scale safety study before the drug 

181 could be approved. The study was never conducted. 
182 

183 As a rule of thumb, based on Zimmerman's original estimate of 1 0 to 50 percent mortality 

1 84 associated with hepatocellular injury sufficient to impair the liver bilirubin excretory function, 

1 85 severe DILI can be estimated to occur at a rate of at least one-tenth the rate of so-called Hy's 

186 Law cases (Temple 2001). This observation was recently confirmed in large studies of DILI in 

187 Spain (Andrade and Lucena et al. 2005) and in Sweden (Bjornsson and Olsson 2005) in which 

1 88 approximately 1 0 percent of subjects with hyperbilirubinemia or jaundice died or needed liver 

189 transplants. 
190 

191 Recent examples of some drugs causing idiosyncratic hepatotoxicity (e.g., bromfenac, 

1 92 troglitazone, ximelagatran) further illustrate the predictive value of Hy's Law, where findings 

193 during clinical trials were noted and severe DILI occurred after marketing. These examples are 

194 described in detail in Appendix A. 
195 

196 Past experience, including the three examples, shows that there is a set of laboratory abnormality 

197 signals that have the ability to predict a potential for severe DILI with reasonable sensitivity and 

1 98 specificity in a database of several thousand subjects. Although it is not yet possible to provide 

1 99 precise specificity and sensitivity estimates for the various signals, guidance can be provided on 

200 use of these major indicators of a potential for severe DILI, as follows: 



201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 



• Marked elevations of AT to 5x-, 10x-, or 20xULN in smaller numbers of subjects in 
the test drug group and not seen (or seen much less frequently) in the control group 



An excess of AT elevations to >3xULN compared to a control group 



AT elevations to >3xULN are relatively common and may be seen in all groups, but an 
excess of these elevations compared to a control group is nearly always seen for drugs 
that ultimately prove severely hepatotoxic at relatively high rates (1/10,000). Therefore, 
the sensitivity of an excess of >3xULN AT elevations as a predictor of a potential for 
severe DILI is high. But many drugs show this signal without conferring a risk of severe 
injury (e.g., tacrine, statins, aspirin, heparin), indicating low specificity for an excess of 
AT elevations alone. There are no good data analyses at this time on how great this 
excess should be compared to control (e.g., 2-fold, 3-fold) to suggest an increased risk of 
DILI. 



Virtually all severely hepatotoxic drugs show such cases, indicating high sensitivity for 
predicting severe DILI, but, again, some drugs such as tacrine and others that are not 
severely hepatotoxic also can cause AT elevations to this degree, so that specificity of 
this finding is suboptimal. 
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221 

222 • One or more cases of elevated bilirubin to >2xULN in a setting of pure 

223 hepatocellular injury (no evidence of obstruction, such as elevated ALP in gall 

224 bladder or bile duct disease, malignancy), with no other explanation (viral hepatitis, 

225 alcoholic or autoimmune hepatitis, other hepatotoxic drugs), accompanied by an 

226 overall increased rate of AT elevations >3xULN in the test drug group compared to 

227 placebo 
228 

229 The sensitivity of this observation appears high for any given rate of severe DILI if 

230 enough people are exposed to the drug. Thus, if the true incidence of severe injury is 

231 1/10,000, and the rate of Hy's Law cases is 1/1,000, about 3,000 subjects (Rule of 3) 

232 would be needed to have a 95 percent probability of observing a Hy's Law case in the 

233 treated population (Rosner 1 995). The sensitivity of this finding appears very high if at 

234 least two cases are seen (e.g., dilevalol, bromfenac, troglitazone, ximelagatran). We are 

235 not aware of false positive Hy's Law findings. Therefore, the finding of two Hy's Law 

236 cases, and probably even one, is a strong predictor of a significant rate of severe liver 

237 injury. Failure to find a case, however, does not imply that a drug with AT elevations is 

238 free of a risk of severe DILI. The degree of assurance depends on the population exposed 

239 for a long enough time and on the rate of severe DILI that would be of interest. 
240 



241 The implications of these three findings may be different in patients with existing liver disease 

242 such as fatty liver disease, NASH, or chronic hepatitis C or B, with bilirubin metabolism 

243 abnormalities (Gilbert's syndrome), and in patients on drugs that treat liver disease or that inhibit 

244 bilirubin glucuronidation, such as indinavir or atazanavir (Zhang and Chando et al. 2005). 
245 

246 

247 IV. CLINICAL EVALUATION OF DILI 

248 

249 A. General Considerations 

250 

25 1 For most drugs in development that reach phase 3 testing, the chances of encountering severe 

252 DILI are low. An increased frequency of mild hepatotoxicity (AT elevations) in early trials 

253 usually results in heightened screening to detect and evaluate liver injury during phase 3 testing. 

254 It is critical, however, to determine whether mild hepatotoxicity reflects a potential for severe 

255 DILI or reflects a capacity for only limited injury. To make this distinction, it is essential to 

256 detect any cases of more severe injury and to examine such cases closely, observing the course 

257 and outcome of the injury, and seeking additional information that might identify other causes. 

258 The following general recommendations for evaluating and monitoring potential drug-induced 

259 hepatotoxicity may not be suitable for all situations and should be modified for special 

260 populations, such as people with preexisting liver disease or malignancies, and in light of 

261 accumulating data. In addition, clinical trials of cellular and gene therapies and of vaccines pose 

262 specific challenges related to trial size and design, persistence of vectors, and tissue specificity. 

263 Applicants are encouraged to discuss these issues with the review division. 
264 
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265 1 . Patients with Liver A bnormalities or Disease 

266 

267 Patients are sometimes excluded from clinical trials because of baseline liver test abnormalities 

268 or a history of liver disease, but there is no well-established reason to do this, except perhaps to 

269 avoid confusion between the previous disease and an effect of the test drug. These patients 

270 generally should be included in at least the phase 3 trials because they are likely to be treated 

27 1 with the drug if it is marketed. Preexisting liver disease is not known to make patients more 

272 susceptible to DILI (Zimmerman 1 978, 1 999), but it may be that a diminished liver reserve or 

273 the ability to recover could make the consequences of injury worse, making it appear that such 

274 patients were more susceptible to severe DILI. If the drug is intended to be prescribed or 

275 marketed to such patients after approval, they should be studied during controlled trials. It may 

276 be prudent, however, to first determine if DILI occurs in people with previously normal livers, 

277 before studying patients with well-characterized and stable chronic liver disease. 
278 

279 2. Detection of DILI 

280 

281 In general, early studies of a drug in study subjects with presumably normal liver function should 

282 involve obtaining liver tests every 2 to 4 weeks, at least for a few months. It is uncertain whether 

283 early symptoms (e.g., anorexia, nausea, fatigue, right upper abdominal discomfort, vomiting) 

284 precede or follow the first laboratory signs of hepatic injury (rising ALT, AST, or ALP) and the 

285 pattern of clinical and laboratory changes may vary with different drugs and recipients. In most 

286 cases, however, the first evidence of a problem is elevated AT or ALP. In longer trials, if there 

287 is no sign of liver injury after a reasonable length of exposure (e.g., 3 months), the monitoring 

288 interval can be increased to once every 2 to 3 months. Later trials also can use less frequent liver 

289 chemistry monitoring if there is no indication of hepatotoxicity. 
290 

29 1 If symptoms compatible with DILI precede knowledge of serum abnormalities, liver enzyme 

292 measurements should be made immediately, regardless of when the next visit or monitoring 

293 interval is scheduled. In some cases, symptoms may be an early sign of injury. Reliance on 

294 early symptoms, rather than serum enzyme monitoring, has become the standard for monitoring 

295 isoniazid therapy for prophylaxis of tuberculosis and seems to prevent severe liver injury if acted 

296 upon promptly (Nolan and Goldberg et al. 1999). Attention to symptoms does not supplant 

297 routine periodic assessment of AT, TBL, and ALP in trials of investigational drugs. 
298 

299 3. Confirmation 

300 

30 1 In general, an increase of serum AT to >3xULN should be followed by repeat testing within 48 

302 to 72 hours of all four of the usual serum measures (ALT, AST, ALP, and TBL) to confirm the 

303 abnormalities and to determine if they are increasing or decreasing. There also should be inquiry 

304 about symptoms. Serum AT may rise and fall quite rapidly, and waiting a week or two before 

305 obtaining confirmation of elevations may lead to a false conclusion that the initially observed 

306 abnormality was spurious, or, of greater concern, to severe worsening if the initial abnormality 

307 was the herald of a severe reaction to follow. The need for prompt repeat testing is especially 

308 great if AT is much greater than 3xULN or TBL is greater than 2xULN. For outpatient studies, 

309 or studies in which subjects are far away from the study site, it may be difficult for the subjects 

310 to return to the study site promptly. In this case, the subjects should be retested locally, but 
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3 1 1 normal laboratory ranges should be recorded, results should be made available to study 

312 investigators immediately, and the data should be included in the case reports. If symptoms 

3 1 3 persist or repeat testing shows AT >3xULN for the subjects with normal baseline measures or 2- 

3 1 4 fold increases above baseline values for subjects with elevated values before drug exposure, it is 

3 1 5 appropriate to initiate close observation to determine whether the abnormalities are improving or 

316 worsening. 
317 



318 4. Close Observation 

319 

320 Close observation is defined as follows: 
321 

322 • Repeating liver tests two or three times weekly. Frequency of retesting can decrease to 

323 once a week or less if abnormalities stabilize or study drug has been discontinued and 

324 subject is asymptomatic. 

325 • Obtaining a more detailed history of symptoms and prior or concurrent diseases. 

326 • Obtaining a history of concomitant drug use (including nonprescription medications, 

327 herbal and dietary supplement preparations), alcohol use, recreational drug use, and 

328 special diets. 

329 • Obtaining a history of exposure to environmental chemical agents. 

330 • Obtaining additional tests to evaluate liver function, as appropriate (e.g., International 

33 1 Normalized Ratio (INR)). 

332 • Considering gastroenterology or hepatology consultation. 



334 It is critical to initiate close observation immediately upon detection and confirmation of early 

335 signals of possible DILI, and not to wait until the next scheduled visit or monitoring interval. A 

336 threshold of a greater than 3xULN aminotransferase level is reasonable, as lesser elevations are 

337 common and nonspecific. If additional testing is done, beyond that specified in the study 

338 protocol, it is important that the subject's information be added to the case report forms or 

339 database. 
340 

341 5. Decision to Stop Drug Administration 

342 

343 It has been observed that dechallenge (stopping drug administration) does not always, or even 

344 usually, result in immediate improvement in abnormal lab values. Abnormal test values and 

345 symptoms may progress for several days or even weeks after discontinuation of the drug that 

346 caused the abnormality. For example, rising TBL usually follows serum AT increases by a few 

347 days to weeks. The primary goal of close observation is to determine as quickly as possible 

348 whether observed abnormal findings are transient and will resolve spontaneously or are 

349 progressive. For most DILI, no specific antidotes are available (except N-acetylcysteine for 

350 acute acetaminophen overdose if given promptly, and, possibly, intravenous carnitine for 

3 5 1 valproic acid hepatotoxicity). Promptly stopping administration of the offending drug usually is 

352 the only potentially effective therapy. 

353 

354 A difficult question is when to stop administration of the investigational drug. Because transient 

355 rises and falls of ALT or AST are common, and progression to severe DILI or acute liver failure 

356 is uncommon, automatic discontinuation of study drug upon finding a greater than 3xULN 
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357 elevation of ALT or AST may be unnecessary. For most people, the liver appears capable of 

358 adapting to injury by foreign chemical substances, which may render a person tolerant to the 

359 drug despite continuation of exposure. Stopping a drug at the first hint of mild injury does not 

360 permit learning whether adaptation will occur, as it does for drugs such as tacrine that cause liver 

361 injury but do not cause severe DILI. On the other hand, continuing drug administration too long 

362 can be dangerous once there is marked transaminase elevation or evidence of functional 

363 impairment appearing after hepatocellular injury, as indicated by rising bilirubin or INR, which 

364 represent substantial damage. Although there is no published consensus on when to stop a drug 

365 in the face of laboratory abnormalities, and the decision will be affected by information on 

366 related drugs, the accumulating clinical experience, the nature of the patient, and many other 

367 factors, the following can be considered a basic guide. In general, treatment should be stopped 

368 if: 
369 

370 • ALT or AST >8xULN 

371 • ALT or AST >5xULN for more than 2 weeks 

372 • ALT or AST >3xULN and (TBL >2xULN or INR > 1 .5) 

373 • ALT or AST >3xULN with the appearance of worsening of fatigue, nausea, vomiting, 

374 right upper quadrant pain or tenderness, fever, rash, or eosinophilia 
375 

376 6. Evaluating Data for A Iternative Causes 
377 

378 One of the critical purposes of close observation is to gather additional clinical information to 

379 determine the most likely cause or causes of the observed abnormalities, and specifically, 

380 whether there is a cause other than the study drug, such as one of the following common causes. 
3 8 1 Other less common causes also may need to be considered. 

382 

383 • Acute viral hepatitis. The usual onset of hepatocellular DILI is indistinguishable from 

384 acute viral hepatitis A or B. Hepatitis C is much less often acute in its onset and tends to 

385 be insidious, but it sometimes can resemble acute drug injury. The presence of acute 

386 viral hepatitis A, B, and C should always be evaluated by serological markers. Viral 

387 hepatitis D (requires concomitant hepatitis B infection) and E are relatively rare in the 

388 United States. Hepatitis E is more common in developing countries, including Southeast 

389 Asia, and should be considered in recent travelers to those countries. Also rare is liver 

390 injury caused by Epstein-Barr virus and cytomegalovirus, although this is seen more 

391 commonly in immuno-suppressed individuals. Adolescent and young adult patients with 

392 possible DILI should be tested for Epstein-Barr virus. Hepatitis is common among 

393 transplant patients with CMV disease. 
394 

395 • Alcoholic and autoimmune hepatitis. Acute alcoholic hepatitis usually is recurrent, 

396 with a history of binging exposure to alcohol preceding episodes, and it has some 

397 characteristic features, such as associated fever, leukocytosis, right upper quadrant pain 

398 and tenderness, and AST >ALT, that may help distinguish it from other causes of liver 

399 injury. Autoimmune hepatitis may be acute or even fulminant in its onset; it does not 

400 always respond immediately to corticosteroids, but may have serological markers of 

401 value. Alcoholic and autoimmune hepatitis should be assessed by history and serologic 

402 testing (e.g., antinuclear antibodies). 
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403 

404 • Biliary tract disorders. Biliary tract disease more often causes cholestatic injury 

405 initially and should be investigated with gall bladder and ductal ultrasound study, 

406 especially if ALP is increased. Malignant interruption of the biliary tract also should be 

407 considered. 
408 

409 • Cardiovascular causes. Cardiovascular disease, especially right heart failure and 

4 1 0 hypotension, may cause acute centrilobular hypoxic cell necrosis (ischemic hepatitis) 

411 with spectacular increases of serum AT (e.g., AT > 1 0,000). Cardiovascular dysfunction, 

4 1 2 including hypotension or right heart failure, should be assessed by physical examination 

413 and history. 



414 

415 Exclusion of the two ABCs (i.e., viral hepatitis A, B, or C; alcoholic or autoimmune hepatitis, 

416 biliary disorders, and circulatory disorders) as causes of liver injury should be attempted in all 

4 1 7 cases of suspected DILI, and the results should be recorded. There is a practical limit as to how 

418 much testing should be done to exclude less common liver diseases, such as acute Wilson's 

4 1 9 disease or alpha- 1 -antitrypsin deficiency. 
420 

421 It is also critical to discover concomitant treatment that might be responsible for injury. Many 

422 people take multiple drugs, perhaps less often in controlled clinical trials because of exclusion 

423 criteria, but subjects may not report taking disallowed drugs or other agents. The possible 

424 exposure to potentially toxic herbal or dietary supplement mixtures of unknown composition, 

425 nonprescription medications such as acetaminophen, or to occupational chemical agents may not 

426 be volunteered unless subjects are specifically questioned. 
427 



428 7. Follow-Up to Resolution 

429 

430 All study subjects showing possible DILI should be followed until all abnormalities return to 

43 1 normal or to the baseline state. DILI may develop or progress even after the causative drug has 

432 been stopped. Results should be recorded on the case report form and in the database. Note that 

433 still longer follow-up can sometimes reveal an off-drug repetition of what had appeared to be 

434 DILI, indicating that liver injury was related to an underlying liver disease. 
435 

436 8. Rechallenge 

437 

438 Whether or not to rechallenge a subject who showed mild DILI is a difficult question. Re- 

439 exposure may initiate a sometimes explosive and more severe reaction, as was observed with 

440 halothane several decades ago. Some cases of DILI show indicators of immunological reaction 

441 such as eosinophilia, rash, fever, or other symptoms or findings, and it is possible that such cases 



442 are more prone to recur with re-exposure. On the other hand, most people can adapt to 

443 xenobiotic substances such as new drugs and develop tolerance for them, as has been found even 

444 for drugs that can cause severe injury, such as isoniazid. The large majority of people showing 

445 hepatocellular injury on isoniazid recover fully or recover while continuing to take the drug, and 

446 some, but not all, can resume or continue taking the drug without further adverse consequence. 

447 If such tolerance develops, the use of rechallenge to verify drug causation would give a false 

448 negative result. 
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449 

450 Generally, rechallenge of subjects with significant (>5xULN) AT elevations should not be 

451 attempted. If such subjects are rechallenged, they should be followed closely. Rechallenge can 

452 be considered if the subject has shown important benefit from the drug and other options are not 

453 available or if substantial accumulated data with the test drug do not show potential for severe 

454 injury. The subject should be made aware of the potential risk, and consent to the rechallenge. 
455 

456 9. Research Opportunities 

457 

458 It is not known why only a few people show severe DILI in response to a hepatotoxic drug while 

459 others show nothing or seem to adapt. The current thinking is that there may be a genetic basis 

460 for such differences, but acquired factors may be equally important. The period of close 

461 observation provides a major opportunity to gather and store serial samples of blood and urine, to 

462 investigate characteristics of subjects who show evidence of mild or severe DILI, and to see how 

463 they differ from each other and from people who do not show any effects despite being similar in 

464 age, sex, and drug exposure. These serial samples can be studied by genomic, proteomic, and 

465 metabolomic methods to determine how subjects differ, and to seek biomarkers that identify the 

466 susceptible persons. 
467 

468 As part of the Critical Path Initiative, 3 the FDA is working with industry, academia, and other 

469 experts to broaden our understanding of the biochemical and genetic bases of DILI. In June 

470 2006, the FDA co-sponsored a scientific workshop to determine the feasibility of developing a 

47 1 mathematical (in-silico) model for DILI from which other predictive experimental models can be 

472 derived to characterize potential hepatotoxicity. The long-term goal is to develop a model, or 

473 models, that can help researchers identify criteria for determining when early clinical 

474 intervention (i.e., stopping the drug) is appropriate. It is also hoped that predictive bioassays and 

475 biomarkers can be identified that will help determine which patients most likely will suffer liver 

476 toxicity from specific compounds. 
477 

478 This urgently needed research is not a regulatory requirement, but is an important opportunity. 

479 At present, we are able only to search among patients with drug-induced injury to predict what 

480 might happen to others. Ideally, we should seek to identify individuals at increased risk before 

481 administering a drug that they cannot tolerate. The goal is to be able to identify persons who 

482 should never be exposed to a given drug because they are idiosyncratically hypersusceptible to, 

483 or unable to recover from, DILI caused by it. If tests that screen for people susceptible to severe 

484 DILI can be developed, a hepatotoxic drug could remain available to people who are not 

485 susceptible to severe DILI, instead of having to withdraw the drug from the market, allowing no 

486 one to benefit from it. 
487 

488 In addition, identification of common genotypic characteristics among patients experiencing 

489 DILI in response to one or more class-related hepatotoxic agents might permit the development 

490 of in vitro or ex vivo tests or genetically altered animal strains that can be used to better predict 

49 1 serious hepatotoxic potential, or the lack thereof, of new drugs belonging to the same or closely 

492 related classes. 
493 



3 See http://www.fda.gov/oc/initiatives/criticalpath. 
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494 B. Case Report Forms 

495 

496 In addition to collecting information on laboratory abnormalities, clinical symptoms, and the 

497 potential cause of any hepatic illness, case report forms should include the following information 

498 for cases in which liver injury is found (including control subjects with such injury): 



499 

500 • Time and date from start of drug administration to start of illness 

501 • Time and date of cessation of drug, or interruption of drug administration 

502 • Space for recording free text to describe the course of illness, including abnormalities of 

503 aminotransferases, ALP, and TBL 

504 • Risk factors, especially alcohol use history 

505 • Use of all concomitant drugs (dose, start and stop dates, whether drug is known to be 

506 hepatotoxic, rechallenge and dechallenge information) 

507 • Evaluation of nondrug causes: recent hepatitis A, B, and C serology, evidence for biliary 

508 obstruction, acute alcoholic hepatitis (AST >2xALT), recent history of severe 

509 hypotension or congestive heart failure, underlying other viral disease 

510 • Rechallenge and dechallenge information with suspect drug, with details of time and dose 

511 • All supplemental information, including tests in local laboratories, unscheduled tests and 

5 1 2 physical exam reports, consultation reports, narrative information, and special studies 
513 



5 1 4 Any potential Hy's Law case should be handled as a serious unexpected adverse event 

5 1 5 associated with the use of the drug and reported to the FDA promptly. Reporting should 

5 1 6 include all available information and should initiate a close follow-up until complete resolution 

517 of the problem and completion of all attempts to obtain supplementary data. 
518 

519 C. Interpretation of Signals of DILI or Acute Liver Failure 

520 

52 1 1. Frequency and Magnitude of Liver AT Abnormalities 

522 

523 The presence of even a single case of severe liver failure resulting from treatment in the 

524 premarketing clinical trials database is an indicator of a high level of hepatotoxic risk. More 

525 commonly, however, there will be no identifiable cases of severe liver injury, but rather varying 

526 degrees of serum AT abnormalities that need to be interpreted. As previously noted, slight 

527 abnormalities of this kind (to <3xULN) are common in untreated and placebo-treated subjects 

528 and are not informative about the potential for the development of severe DILI. 
529 

530 Therefore, it has become standard practice to look at greater deviations, such as AT values >3x-, 

53 1 5x-, or lOxULN. Because these abnormalities can occur in placebo-treated groups, it is 

532 important to compare their rate in drug-exposed subject groups relative to control groups (i.e., 

533 placebo or products that do not cause elevation of transaminases). An excess of AT 

534 abnormalities >3xULN is a signal of a potential for severe DILI, but, even though it has high 

535 sensitivity, it is not specific. Comparison of rates of AT elevations during drug treatment to a 

536 control group is probably less critical for abnormalities of greater magnitude (e.g., lOxULN), as 

537 such elevations are rarely seen spontaneously. Therefore, these greater AT elevations can be 

538 examined in the whole clinical trials database, not just in the controlled trials. It should be 

539 appreciated that serum AT activity is a relatively volatile measurement, often rising and falling 
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540 within days. It cannot be concluded from one measurement that a peak value has been seen, so 

541 that detection of an abnormal rise is a call for serial measures to determine which way the 

542 abnormality is moving, whether increasing or decreasing. 
543 

544 A number of factors may confound interpretation of AT abnormalities seen in NDA or BLA 

545 databases. Although the more extreme AT elevations may be better predictors of toxicity than 

546 smaller elevations, it is possible that close monitoring could affect the magnitude of 

547 abnormalities seen if it leads to earlier cessation of drug treatment that prevents the greater 

548 abnormalities from appearing. In addition, the contribution of drug treatment to an exacerbation 

549 of preexisting liver disease may be difficult to determine. Finally, normalization of 

550 abnormalities on continued treatment is not proof that the abnormality was not drug-caused, but 

551 may result from liver adaptation to the drug. 
552 

553 2. Combined Elevations of Aminotransferases and Bilirubin 
554 

555 When AT abnormalities indicating hepatocellular injury are accompanied by evidence of 

556 impaired hepatic function (bilirubin elevation >2xULN), in the absence of evidence for biliary 

557 obstruction (i.e., significant elevation of ALP) or some other explanation of the injury (e.g., viral 

558 hepatitis, alcohol hepatitis), the combined finding (i.e., Hy's Law cases) represents a signal of a 

559 potential for severe DILI. Experience has indicated that the occurrence of even one or two well- 

560 documented cases of this combination is ominous, indicating a likelihood that the drug will cause 

561 severe liver injury. 
562 

563 The absence of Hy's Law cases in an NDA or BLA database may allow an estimate of an upper 

564 limit of the rate for severe DILI, using the Rule of 3 derived from simple binomial calculation. 

565 There will be at least a 95 percent chance of seeing one or more cases of DILI in 3n study 

566 subjects if its true incidence is 1 in n subjects, and the group is well observed. Thus, if no cases 

567 of AT and bilirubin elevations are seen in 3,000 well-observed subjects, it can be concluded with 

568 95 percent confidence that the true rate of such occurrences is not more than 1 per 1 ,000. This 

569 calculation would then suggest a rate of expected severe liver injury <1 per 10,000 exposed 

570 patients, assuming that the rate of severe injury when AT and TBL are both elevated is about 1 0 

57 1 percent (Andrade and Lucena et al. 2005; Bjornsson and Olsson 2005). 
572 

573 D. Analysis of Signals of DILI 

574 

575 Based on our experience, we recommend that the following analyses related to liver injury 

576 potential be carried out and included in an NDA or BLA, or included in an investigational new 

577 drug application when DILI is suspected and being evaluated. 
578 

579 1 . Assessment of Drug Metabol ism 
580 

581 The metabolism of a drug can have serious consequences for the safety profile of the drug. A 

582 drug may be metabolized to a hepatotoxic metabolite (e.g., acetaminophen, halothane, and 

583 isoniazid). Most hepatotoxic drugs have been oxidatively metabolized by the CYP450 system. 
584 



13 



Contains Nonbinding Recommendations 

Draft — Not for Implementation 

585 Several in vitro methods are available to detect and quantify binding for a drug or its metabolites 

586 to liver proteins, including radiochemical and immunological methods. 

5gg 2. Assessment of Liver-Related Adverse Events in Controlled Trials 

590 Analysis of incidence rates of liver-related adverse events (abnormal AT, bilirubin, and ALP 

59 1 levels) seen in subjects in controlled trials with at least one dose of drug exposure should be 

592 provided generally for pooled data, although study-to-study differences may be of interest. 

593 Rates can be given as the number of events per number of subjects exposed, or as the number of 

594 events per subject-years of exposure, preferably both. For many drugs, it appears that a 

595 minimum duration of exposure is required before DILI occurs. Therefore, it is useful to give the 

596 rates of liver-related adverse events for subjects who have had the minimum duration of 

597 exposure (e.g., rate in subjects with at least 1-month exposure). Rates for pooled data should 

598 include, but are not limited to: 
599 

600 • 3x-, 5x-, 1 Ox-, and 20xULN elevations of AST, ALT, and either ALT or AST. 

60 1 • Any elevations of bilirubin; elevated bilirubin to > 1 .5xULN, and to >2xULN . 

602 • Any elevations of ALP >1.5xULN. 

603 • Elevation of AT (>3xULN) accompanied by elevated bilirubin (>1 .5xULN, >2xULN). 

604 • Possibly liver-related deaths and liver-related treatment discontinuations. These cases 

605 should be described and time-to-event analyses should be performed. Follow-up status 

606 also should be provided. There should be a description of any histologic and rechallenge 

607 data. 

608 , . 

609 All rates should be calculated separately for drug-, placebo-, and active-controlled groups. 

610 Normal ranges for all tests should be provided. Time-to-event analyses for elevated rates of 

61 1 significant individual events (e.g., elevated AT, bilirubin) should be provided. The contribution 

612 of sex, age, risk factors, and drug dose or regimen to the abnormalities seen should be explored. 

g \ 4 3. Assessment of Liver-Related Adverse Events in the Entire Clinical Trials 

615 Database 

617 Analysis of rates of liver-related adverse events (abnormal AT, bilirubin, and ALP levels) for the 

6 1 8 total clinical trials database, including subjects with exposure of at least one dose of study drug 

619 in phase 1 or phase 2 trials, or in uncontrolled, open label, extension trials should be provided. 

620 We recommend the same evaluation as for the controlled trials database discussed m section 

62 1 IV D 2 Time-to-event analyses, mortality rates, study withdrawals, and similar data should be 

622 provided for significant abnormalities. The contribution of sex, age, and drug dose or regimen to 

623 the abnormalities seen should be explored. 
624 

6 25 4. Assessment ofHy 's Law Cases in the Clinical Trials Database 

627 NDA and BLA submissions should include a listing of possible Hy's Law cases identified by 

628 treatment group (e.g., subjects with any elevated AT of >3xULN, ALP <2xULN, and associated 

629 with an increase in bilirubin >2xULN). A narrative summary for each Hy's Law case should be 

630 provided. Narrative summaries should not only provide, in text format, the data that are already 
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63 1 presented in the case report tabulation, but also should provide a complete synthesis of all 

632 available clinical data and an informed discussion of the case, allowing for a better 

633 understanding of what the subject experienced. For a narrative summary to be useful, it should 

634 contain the following information: 



635 

636 • Subject's age, sex, weight, and height 

637 • Discussion of signs and symptoms related to hepatotoxicity: type and timing 

638 • Relationship of exposure duration and dose to the development of the liver injury 

639 • Pertinent medical history 

640 • Concomitant medications with dates and doses 

641 • Pertinent physical exam findings 

642 • Test results (e.g., laboratory data, biopsy data and reports, with dates and normal ranges) 

643 • Time course of serum enzyme and bilirubin elevations 

644 • A summary of all available clinical information including, if known: 

645 - Prior or current history of ethanol use 

646 - Evidence for pre- or co-existing viral hepatitis, or other forms of liver disease 

647 - Symptoms and clinical course including follow-up to resolution 

648 - Special studies, radiologic examinations, liver biopsy results 

649 - Presence or absence of possible confounders, including concomitant illness, use of 

650 concomitant medications that are known hepatotoxins, such as acetaminophen 

65 1 • Discussion of hepatotoxicity as supported by available clinical data and overall 

652 assessment of treating physician, consultants, and applicants as to the likelihood of DILI 

653 • Treatment provided 

654 • Dechallenge and rechallenge results, if done 

655 • Outcomes and follow-up information 

656 • Copies of hospital discharge summaries, pathology and autopsy reports 
657 



658 The availability of liver biopsy, explant, or autopsy slides for pathology review by review staff 

659 or external expert consultants has been helpful in the FDA's assessment of such cases. Reports 

660 of external consultant opinions solicited by the applicant should be provided to the FDA. 
661 

662 Complete narrative summaries that include the components previously listed also should be 

663 provided for all subjects who died of hepatic illness, or who discontinued study drugs for 

664 hepatotoxicity, including subjects with abnormalities consistent with protocol-specific stopping 

665 rules. 
666 

667 5. Overall Assessment of a Drug 's Potential to Cause DILI 

668 

669 The overall assessment should characterize a drug's potential for DILI and should consider at 

670 least the following questions: 



671 

672 • Was liver monitoring sufficiently frequent and thorough to characterize DILI risk? 

673 • Were there any cases of probably drug-induced serious or severe DILI? 

674 • Were there signals of a potential for DILI (e.g., AT elevations, Hy 's Law cases) and how 

675 were these signals assessed? 
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676 • What doses and durations of exposure were associated with hepatotoxicity signals? 

677 • What approximate incidence of mild, moderate, and severe DILI could be expected 

678 postmarketing? 

679 • Is the trial information sufficient to inform an overall risk-benefit assessment? 

680 • Was there sufficient drug exposure (i.e., number of study subjects and duration of 

68 1 treatment of each study subject) and adequate liver test monitoring to reliably set an 

682 upper boundary for risk of severe DILI after marketing? 

683 • What rate of severe injury (assuming Hy's Law cases occur at about 1 0 times the rate of 

684 severe injury) has been suggested or has been ruled out (e.g., no Hy's Law cases in 3,000 

685 subjects implies a rate of such cases of <1/1,000 and thus a rate of severe DILI of 

686 < 1/1 0,000)? This consideration should reflect the presence or absence of other signals, 

687 such as marked elevations of AT. 

688 • Will some form of monitoring, by symptoms or serum testing, be needed? Usually, this 

689 would be considered only if there was evidence of severe liver injury or the potential for 

690 it. If so, effectiveness of monitoring in the NDA database should be discussed. 
691 
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836 APPENDIX A: ILLUSTRATIVE EXAMPLES OF DILI 

837 

838 Duract (bromfenac) 

839 

840 Bromfenac was a nonsteroidal anti-inflammatory drug (NSAID) studied for both short-term 

841 analgesia and long-term arthritis treatment. There was little evidence of hepatotoxicity in the 

842 short-term analgesic trials, but during longer term clinical trials in arthritis, ALT elevations 

843 >3xULN were seen in 2.8 percent of patients on bromfenac, compared to none in placebo group. 

844 Among 1 ,1 95 exposed patients, there were two cases in which there was elevated TBL as well as 

845 AT elevation in the clinical trial data submitted for review in the NDA. Concerns about possible 

846 liver toxicity led to the approval of bromfenac in July 1 997 for short-term use only and not for 

847 osteoarthritis or rheumatoid arthritis. As an NSAID, however, it was prescribed long-term off- 

848 label in arthritic patients, and severe hepatotoxicity emerged. Within 6 months of approval, 

849 reports of severe hepatic failure, including two cases requiring liver transplant, were received. 

850 All severe cases involved the use of bromfenac for more than 10 days, the maximum duration of 

85 1 treatment recommended in the labeling. 
852 

853 In response, the FDA and the manufacturer strengthened the warnings in the package insert with 

854 a boxed warning, and issued a Dear Health Care Professional letter. Despite these efforts, the 

855 manufacturer and the FDA continued to receive reports of severe injuries, including reports of 

856 death or need for liver transplantation (Moses and Schroeder et al. 1 999; Hunter and Johnston et 

857 al. 1999; Rabkin and Smith et al. 1999; Fontana and McCashland et al. 1999). Given the 

858 availability of other NSAIDs of equal effectiveness and safety, bromfenac was withdrawn from 

859 the market in June 1 998. The two Hy's Law cases in the long-term-exposed population of about 

860 1 ,000 subjects during drug development predicted an occurrence of severe hepatotoxicity during 

861 chronic use at a rate of about 1/5,000 to 10,000 people. Following approval, rates of acute liver 

862 failure for bromfenac were estimated to be in the range of 1/10,000 (Goldkind and Laine 2006). 
863 

864 Rezulin (troglitazone) 

865 

866 Troglitazone was approved by the FDA in January 1 997 for the treatment of Type 2 diabetes 

867 mellitus. In reviews of the clinical trials of troglitazone conducted before approval there were no 

868 cases of liver failure among 2,5 1 0 subjects exposed to the drug in the NDA database, but 1 .9 

869 percent of troglitazone-treated subjects had ALT >3xULN compared to 0.3 percent of placebo- 

870 treated subjects, 1 .7 percent had ALT >5xULN, and 0.2 percent (5 subjects) had ALT >30xULN 

871 (2 subjects in the last group also experienced jaundice). The median duration of troglitazone 

872 therapy before peak ALT elevation was 121 days. In the Diabetes Prevention Trial at the 

873 National Institutes of Health (NIH) performed after approval, 4.3 percent of 585 troglitazone- 

874 treated subjects had ALT >3xULN, 1 .5 percent had ALT >8xULN, and 2 subjects had ALT 

875 >30xULN, compared to 3.6 percent of subjects with ALT >3xULN in the placebo group 

876 (Knowler and Hamman et al. 2005). One of the subjects with ALT >30xULN developed liver 

877 failure and died, despite receiving a liver transplant. The second subject recovered. These data 

878 suggest that the rate of severe liver injury would be about 1 in 3,000 to 10,000. 
879 

880 After marketing, there were numerous reports (Gitlin and Julie et al. 1 998; Vella and deGroen et 

881 al. 1998; Herrine and Choudary 1999) of acute liver failure associated with troglitazone use, and 
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882 four letters were sent to practicing physicians between 1997 and 1999, urging monthly 

883 monitoring and careful use. These letters did not significantly affect the monitoring done by 

884 physicians, and AT monitoring recommended in the Dear Health Care Professional letters and in 

885 the package insert was not regularly performed (Graham and Drinkard et al. 2001). Moreover, 

886 an analysis of 94 cases of liver failure reported spontaneously to the FDA showed that the 

887 progression from normal hepatic test results to irreversible liver injury occurred in less than a 

888 month (the recommended monitoring interval) in 1 9 patients. The onset of injury began after 3 

889 days to more than 2 years of troglitazone use (Graham and Green et al. 2003a; Graham and 

890 Drinkard et al. 2003b). Time from jaundice to hepatic encephalopathy, liver transplantation, or 

891 death usually was rapid, averaging 24 days. Troglitazone was withdrawn from the United States 

892 market in March 2000, when other agents (rosiglitazone, pioglitazone) with similar efficacy but 

893 little or no hepatotoxicity became available. 
894 

895 Apart from constituting another example of the predictive value of evidence of hepatocellular 

896 injury accompanied by even two cases of elevated bilirubin, there were other lessons learned 

897 from the troglitazone experience: 1) monitoring recommendations, even after several warning 

898 letters to all practicing physicians, may not be well followed; and 2) some cases of severe 

899 hepatotoxicity occur rapidly, within less than a reasonable and practical recommended interval 

900 for monitoring, indicating that monitoring would provide at best only partial protection, even if 

901 recommendations were followed. In addition, following the withdrawal of troglitazone, many 

902 companies began to search for toxigenomic answers to determining individual susceptibility to 

903 DILI, and a national network was funded by NIH in 2003 to study the problem (Watkins 2005). 
904 

905 Exanta (ximelagatran) 

906 

907 Exanta (ximelagatran), an oral anticoagulant (antithrombin), was not marketed in the United 

908 States because of hepatotoxicity and other concerns discovered during clinical trials. Issues 

909 related to potential liver toxicity of ximelagatran were presented and discussed at an FDA 

910 advisory committee meeting in September 2004 (He 2004). During short-term clinical trials of 

911 the drug for prevention of thromboembolic complications after joint replacement surgical 

912 procedures, there was no increased rate of transaminase elevations in the ximelagatran group 

9 1 3 compared to the enoxaparin- warfarin group, and no serious hepatotoxicity was seen. But in 

914 longer-term (>35 days) trials in patients with chronic atrial fibrillation to prevent embolic or 

9 1 5 thrombotic strokes, an increase in ALT >3xULN occurred in 7.6 percent of 6,948 patients 

9 1 6 compared to 1 . 1 percent of patients receiving warfarin treatment; and 1 .5 percent of 

9 1 7 ximelagatran-treated patients had ALT > 1 OxULN. 
918 

919 Increases in AT typically occurred 1 to 6 months after the initiation of ximelagatran 

920 administration with peak levels within 2 to 3 months post-randomization. Among the 53 1 

92 1 ximelagatran patients with ALT >3xULN, 39 percent completed the study on treatment, while 6 1 

922 percent discontinued the drug. Almost all patients with ALT >3xULN returned to <2xULN 

923 whether the drug was stopped or not, although the return to normal was faster if ximelagatran 

924 was stopped. Of 1 8 patients who resumed drug after ALT returned to normal, only 2 had 

925 elevations recur. Concomitant elevations of ALT >3xULN and bilirubin >2xULN were 

926 observed in 37 of about 7,000 patients, at least 1 3 of whom had no alternative explanation for the 

927 concomitant ALT and bilirubin elevation. Nine of the 37 patients died, but the deaths were not 
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928 clearly hepatotoxicity-related in most cases. Only one autopsy was done and it showed a small, 

929 friable and diffusely mottled liver suggestive of severe diffuse hepatic necrosis, but liver failure 

930 from ximelagatran might have contributed to some of the other deaths (He 2004; Lewis 2006; 

93 1 Kaplowitz 2006; Senior 2006; Temple 2006). Because severe hepatotoxicity was observed in an 

932 orthopedic surgery trial in an extended treatment of 35 days, Exanta was withdrawn in February 

933 2006 from the 22 countries in which it had been approved, and further development in the United 

934 States was abandoned. 
935 

936 Again, short-term tolerance of ximelagatran, with resolution of even substantial elevations of 

937 ALT in most cases did not predict long-term safety. The relatively high rate of Hy's Law cases, 

938 about 0.2 percent or 1/500 (13 cases among 7,000 exposed patients), predicted the occurrence of 

939 severe hepatotoxicity, at a rate of about 1/5,000 (10 percent of the rate of Hy's Law cases). In 

940 fact, at least one death occurred among the 7,000 exposed patients subsequent liver toxicity, 

941 further supporting such an estimate. 
942 
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hepatomphaiocele 



hepatomphalocele (hep'a-tom-fal'6-sel, hep-a-tom'fa-16-sel) 

[hepato- + omphalocele]. Hepatomphalos: umbilical hernia with 

involvement of the liver, 
hepatomphalos (hep-a-tom'fa-16s). Hepatomphalocele. 
hepatonecrosis (hep'a-to-ne-kro'sis). Death of liver cells, 
hepatonephric (hep'a-to-nef'rik). Hepatorenal, 
hepatonephromegaly (hep'a-to-nef'ro-meg'a-le) [hepato- + G. 

nephros, kidney, + megas, great]. Enlargement of both liver and 

kidney or kidneys, 
hepatopathic (hep'a-lo-path'ik). Damaging the liver, 
hepatopathy (hep-a-top'a-the) [hepato- + G pathos, suffering]. 

Disease of the liver, 
hepatoperitonitis (hep'ii-to-par'i-lo-m'tis). Perihepatitis, 
hepatopetal (hep'a-io-pet'al). Toward the liver, usually referring to 

the normal direction of portal blood flow, 
hepatopexy (hep'a-to-pek-se) [hepato- + G. pexis, fixation]. An- 
choring of the liver to the abdominal wall, 
hepatophyma (hep'a-to-fi'ma) [hepato- + G. phyma, tumor]. 

Rounded or nodular tumor of the liver, 
hepatopneumonic (hep'a-to-nu-mon'ik) [hepato- + G. pneumoni- 

kos, pulmonary]. Hepaticopulmonary; hepatopulmonary: relating 

to the liver and the lungs, 
hepatoportal (hep'a-to-por'tal). Relating to the portal system of the 

hepatoptosis (hep'a-top-to'sis, to-to'sis) [hepato- + G. ptosis, a 

failing]. Wandering liver; a downward displacement of the liver, 
hepatopulmonary (hep'a-to-puTmo-nar'e). Hepatopneumonic. 
hepatorenal (hep-a-to-re'na!) [hepato- + L. renalis, renal, fr. renes, 

kidneys]. Hepatonephric; relating to the liver and the kidney, 
hepatorrhagia (hep'a-to-ra'je-a) [hepato- + G. rhegnymi, to burst 

forth]. Hemorrhage into or from the liver, 
hepatorrhaphy (hep-a-tor'a-fe) [hepato- + G. rhaphe, a suture]. 

Suture of a wound of the liver. 
Iiepatorrhea (hep'a-to-re'a) (hepato- + G. rhoia, a flow]. Obsolete 

term for cholorrhea. 
hepatorrhexis (hep'a-to-rek'sis) [hepato- + G. rhexis. rupture]. 

Rupture of the liver, 
hepatoscopy (hep-a-tos'ko-pe) [hepato- + G. skopeo, to examine]. 

Examination of the liver, 
hepatosplenitis (hep'a-to-sple-ni'tis). inflammation of the liver and 

hepatosplenography (hep'a-to-sple-nog'ra-fe). Hepatolienograpby; 

the use of a contrast medium to outline or depict the liver and 

spleen roentgenographically. 
hepatosplenomegaly (hep'a-to-sple-no-mega-le) [hepato- + G. 

spien, spleen, + megas, large]. Hepatolienomegaly: enlargement of 

the liver and spleen, 
hepatosplenopathy (hep'a-to-sple-nop'a-the). Disease of the liver 

hepatostomy (hep-a-tos'to-me) [hepato- + G. stoma, mouth]. Es- 
tablishment of a fissure into the liver. 

hepatotherapy (hep a-to-thar'a-pe). 1. Treatment of disease of the 
liver. 2. Therapeutic use of liver extract or of the raw substance of 



hepatotomy (hep-a-ti 



le) [hepato- - 



Ml]. 1 



mns, Cletl 



hepatotoxemia (hep'a-to-tok-se'me-a) [hepato- + G. toxikon. poi- 
son, + haima. blood]. Autointoxication assumed to be due to im- 
proper functioning of the liver. 

hepatotoxic (hep a-to-tok'sik). Relating to an agent that damages 



the liver, or pertaining to any such action. 

hepatotoxin (hep'a-to-tok'sin). A toxin that is destruciiv 

chymal cells of the liver. '"P^. 3 

Hepatozoon (hep'a-to-zo'on) [hepato- + G. zoon, im m n 
of coccidian parasites (family Haemogregarmi i e ), j n J 
zogony occurs in the visceral organs, gameiogony i n ih e \^} '"•'< »■ 
or erythrocytes of vertebrate animals, and sporogony j„ •' B *' 
ticks and other blood-sucking invertebrates. H. aim's " CCr| * '-'f 
dogs, cats, jackals, and hyenas, but is most pathogenic irM "' S ' T ' ■ 
which it may cause serious disease and death ti 1 ' 

been described from rats, mice, rabbits, and squirrels a>t * 

hepta- [G. hepta, seven]. Prefix denoting seven. 

heptabarbital (hep-ta-bar'bi-tawl). 5-(l-Cyclohepten-l- y |). 5 

barbituric acid; a short-acting barbiturate that produces sm- 5 '' ' 
hypnosis, or anesthesia, depending upon the dose admini 

heptad (hep'tad). A septivalent chemical element 

heptaminol (hep-tam'i-nol). 6-Amino-2-methyl-2-hepiano| ; a . 
pathomimetic, vasoconstrictor, and cardiotonic. m ' 

heptanal (hep'ta-nal). Enanthal; heptaldehyde; CH,(CH,) f'Hf 
obtained from the ricinoleic acid of castor oil by chemical men 
used in the manufacture of ethyl oenanthate, a constituent , ' 
artificial essences (flavors). " 

heptazone hydrochloride (hep'ta-zon). Phenadoxone hydrochlo- 

heptose (hep'tos). A sugar with 7 carbon atoms in its molecule: C j> 

sedoheptulose. 
heptulose (hep'tu-los). Ketoheptose. 
D-a7f/-o-2-heptuiose. Sedoheptulose. 

D-ma;]/30-heptulose. A ketoheptose of the mannose configuration. ; 
occurring in the urine of individuals who have eaten a large qu» ; 
thy of avocados. 

Herbert, Herbert, British ophthalmic surgeon, 1865-1942. Sec H.\ ; 
operation. 

lierbivorous (her-biv'5-rus) [L. herba, herb, + voro, to devour] 

Feeding on plants. 
Herbst, Ernst F.G., German anatomist, 1803-1893. See H.'siw- 

herd. 1. A group of people or animals in a given area. 2. An immu- 
nologic concept of an ecologic composite that includes susceptible 
animal species (including man), vectors, and environmental lac- 
hereditary (he-red'i-ter-e) [L. hereditarius: fr. heres (hercd-h an 
heir]. Transmitted from parent to offspring; derived from ancestry: 
obtained by inheritance. 

heredity (he-red'i-te) [L. hereditas, inheritance, fr. heres (nerecM 
heir]. The transmission of characters from parent to offspring. 

heredo- [L. heres, an heir]. Prefix denoting heredity. 

heredoataxia (her'e-do-a-tak'se-a). Hereditary spinal ataxia. 

heredofamilial (her'e-do-fa-mil'e-al). Obsolete term denoting an 
inherited condition present in more than one member of a family 

heredopathia atactica polyneuritiformis (her'e-do-patli'e-5 i- 
tak'ti-ka pol'e-nu-ri-ti-ffjr'mis). Refsum's disease. 

Herelle, Felix H. See d'Herelle, Felix H. 

Herellea (he-rele-a). A bacterial generic name which has been offi- 
cially rejected because its type species, H. vaginicola, is a member 
of the genus Acinetobacter. 

Hering, Heinrich Ewald, German physiologist, 1866-1948. See si- 
nus nerve of H; H.-Breuer reflex; Traube-H. curve. 

Hering, Karl E.K., German physiologist, 1834-1918. See H.^ KSI - 
theory: canal of H.; Traube-H. curves, waves: Semon-H. theory: 

heritability (her'i-ta-bil'i-te) [see heredity]. 1. In intelligence oi P- r ' 
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(|1 i; , M lit s I . .1: V vUMI-'l VI MM 
airway obstruction (bronchospasm 
asthma; see also anaphylaxis) 
Adenosine 
Beta blockers 
Cephalosporins 
Cholinergic drugs 
flSAIDs, e.g., aspirin, 
jndomethacin 
penicillins 
pentazocine 
Streptomycin 

Tartrazine (drugs with yellow 
dye) 



Vlll- 



ACE inhibitors 
Nasal congestion 
Decongestant abuse 
Guanethidine 
Isoproterenol 
Oral contraceptives 
Reserpine 
Pulmonary edema 
Contrast media 

Hydrochlorthiazide 
Interleukin 2 
Methadone 
Propoxyphene 

ATIONS 



Cholestatic hepatitis 
Acetohexamide 
Anabolic steroids 
Androgens 
Chlorpropamide 
Clavulanic acid/amoxicillin 
Cyclosporine 
Erythromycin estolate 
Flucloxacillin 
Gold salts 
Methimazole 
Nitrofurantoin 
Oral contraceptives 
Phenothiazines 
Constipation or ileus 
Aluminum hydroxide 
Barium sulfate 
Calcium carbonate 
Ferrous sulfate 
s Ganglionic blockers 
Ion exchange resins 
Opiates 

Phenothiazines 
Tricyclic antidepressants 
Verapamil 
Diarrhea or colitis 

Antibiotics (broad-spectrum) 

Clindamycin 

Cocaine 

Colchicine 

Digitalis 

Guanethidine 

Lactose excipients 

Lincomycin 

Magnesium in antacids 

Methyldopa 

Misoprostol 

Oral contraceptives 



Pulmonary hypertension 

Fenfluramine 
Pulmonary infiltrates 

Acyclovir 

Amiodarone 

Azothioprine 

Bleomycin 

Busulfan 

Carmustine (BCNU) 
Chlorambucil 
Cyclophosphamide 
Gold 

Melphalan 
Methotrexate 



Diffuse hepatocellular damage 
Acetaminophen (paracetamol) 
Acebutolol 
Allopurinol 
Aminosalicylic acid 
Amiodarone 
Aprindine 
Carbenicillin 
Cyclophosphamide 
Dapsone 
Diclofenac 

Erythromycin estolate 

Ethionamide 

Felbamate 

Glyburide 

Halothane 

Isoniazid 

Ketoconazole 

Labetalol 

Lovastatin 

Methimazole 

Methotrexate 

Methoxyflurane 

Methyldopa 

Monoamine oxidase inhibitors 

Nifedipine 

Nitrofurantoin 

Oxyphenisatin 

Phenytoin and other hydantoins 

Propoxyphene 

Propylthiouracil 

Pyridium 

Quinidine 

Rifampin 

Salicylates 

Sodium valproate 

Sulfonamides 

Tacrine 

Tetracyclines 

Trazodone 
Verapamil 
Zidovudine (AZT) 



Gallstones/biliary pseudolithiasis 

Ceftriaxone 
Intestinal ulceration 

Solid KC1 preparations 
Malabsorption 

Aminosalicylic acid 
Antibiotics (broad-spectrum) 
Cholestyramine 
Colchicine 
Colestipol 
Cytotoxic agents 
Neomycin 
Phenobarbital 
Phenytoin 
Primidone 
Nausea or vomiting 
Digitalis 
Estrogens 
Ferrous sulfate 
Levodopa 

Potassium chloride 
Tetracyclines 
Theophylline 
Oral conditions 

Dental discoloration: 

Tetracycline 
Dry mouth: 

Anticholinergics 

Clonidine 

Levodopa 

Methyldopa 

Tricyclic antidepressants 
Gingival hyperplasia: 
Calcium antagonists 
Cyclosporine 
Phenytoin 
Salivary gland swelling: 
Bethanidine 
Bretylium 
Clonidine 



Pulmonary infiltrates (com.) 
Methysergide 
Mitomycin C 
Nitrofurantoin 
Procarbazine 
Sulfonamides 
Respiratory depression 

Aminoglycosides 

Hypnotics 

Opiates 

Polymyxins 

Sedatives 

Trimethaphan 



Oral conditions 

Salivary gland swelling 

Guanethidine 
Iodides 

Phenylbutazone 
Taste disturbances: 
Acetazolamide 
Biguanides 
Captopril 
Griseofulvin 
Lithium 
Metronidazole 
Penicillamine 
Rifampin 
Ulceration: 
Aspirin 

Cytotoxic agents 

Gentian violet 

Isoproterenol (sublingual) 
Pancreatin 
Pancreatitis 
Asparaginase 
Azathioprine 
Didanosine 
Estrogens 
Ethacrynic acid 
Furosemide 
Glucocorticoids 
Mercaptopurine 
Opiates 

Oral contraceptives 
Pentamidine 
Sulfonamides 
Thiazides 
Valproic acid 
Peptic ulceration or 
hemorrhage 
Aspirin 

Ethacrynic acid 
Glucocorticoids 
NSAlDst 

Reserpine (large doses) 



Principal Alterations of Hepatic Morphology Produced by Some 
Commonly Used Drugs and Chemicals* 



Change 


Class of Agent 


Example 


Cholestasis 


Anabolic steroid 


Methyl testosterone. 




Anti-inflammatory 


Sulindac 




Antithyroid 


Methimazole 




Antibiotic 


Erythromycin estolate, 






nitrofurantoin, rifampin 




Oral contraceptive 


Norethynodrel with 






mestranol 




Oral hypoglycemic 


Chlorpropamide 




Tranquilizer 


Chlorpromazinef 




Oncotherapeutic 


Anabolic steroids, 






busulfan, tamoxifen 




Immunosuppressive 


Cyclosporine 




Anticonvulsant 


Carbamazine 




Calcium channel 


Nifedipine, verapamil 




blocker 




Fatty liver 


Antibiotic 


Tetracycline 




Anticonvulsant 


Sodium valproate 




Antiarrhythmic 


Amiodarone 




Antiviral 


Dideoxynucleosides 






(e.g., zidovudine) 




Oncotherapeutic 


Asparaginase, 






methotrexate 


Hepatitis 


Anesthetic 


Halothanet 




Anticonvulsant 


Phenytoin, carbamazine 




Antihypertensive 


Methyldopa.t captoprii, 










Antibiotic 


Isoniazid,t rifampin, 






nitrofurantoin 




Diuretic 


Chlorothiazide 




Laxative 


OxyphenisatinJ 




Antidepressant 


Iproniazid, amitriptyline, 






imipramine 




Anti-inflammatory 


Ibttprofen, indomethacin, 






diclofenac, sulindac 




Aniilungal 


Ketoconazole, 






fluconazole, 






itraconazole 




Antiviral 






Calcium channel 


inosine 










Antiandrogen 


Fiutamide 


Mixed hepatitis/ 


Immunosuppressive 


Azathioprine 


cholestatic 


Lipid-lowering 


Nicotinic acid, lovastatin 


Toxic (necrosis) 


Hydrocarbon 


Carbon tetrachloride 




Metal 


Yellow phosphorus 




Mushroom 


Amanita phalloides 




Analgesic 


Acetaminophen 




Solvent 


Dimethylformamide 


Granulomas 


Anti-inflammatory 


Phenylbutazone 




Antibiotic 


Sulfanomides 




Xanthine oxidase 


Allopurinol 




inhibitor 






Antiarrhythmic 


Quinidine 




Anticonvulsant 


Carbamazine 



* Several agents cause more than one type of 

one category, 
t Rarely associated with primary biliary cirrho 
X Occasionally associated with chronic hepatitis 



id appear under more th 



r bridging hepatic necrosis or cirrhosis. 



angiosarcoma of the liver. Oral contraceptives have been implicated 
in the development of hepatic adenoma and, rarely, hepatocellular 
carcinoma and occlusion of the hepatic vein (Budd-Chiari syndrome). 
Another unusual lesion, peliosis hepatis (blood cysts of the liver), has 
been observed in some patients treated with anabolic steroids. The 
existence of these hepatic disorders expands the spectrum of liver 



injury induced by chemical agents and emphasizes the need f or a 
thorough drug history in all patients with liver dysfunction. 

The following are the patterns of adverse hepatic reactions f 0r 
some prototypic agents. 

ACETAMINOPHEN HEPATOTOXICITY (DIRECT TOX- 
IN) Acetaminophen has caused severe centrolobular hepatic necrosis 
when ingested in large amounts in suicide attempts or accidentally by 
children. A single dose of 10 to 15 g, occasionally less, may produce 
clinical evidence of liver injury. Fatal fulminant disease is usually 
(although not invariably) associated with ingestion of 25 g or more 
Blood levels of acetaminophen correlate with the severity of hepatic 
injury (levels above 300 u,g/mL 4 h after ingestion are predictive of 
the development of severe damage, while levels below 150 u,g/mL 
suggest that hepatic injury is highly unlikely). Nausea, vomiting, diar- 
rhea, abdominal pain, and shock are early manifestations occurring 4 
to 12 h after ingestion. Then 24 to 48 h later, when these features are 
abating, hepatic injury becomes apparent. Maximal abnormalities and 
hepatic failure may not be evident until 4 to 6 days after ingestion, and 
aminotransferase levels approaching 10,000 units are not uncommon. 
Renal failure and myocardial injury may be present. 

Acetaminophen hepatotoxicity is mediated by a toxic reactive 
metabolite formed from the parent compound by the cytochrome P450 
mixed-function oxidase system of the hepatocyte. This metabolite is 
detoxified by binding to glutathione. When excessive amounts of the 
metabolite are formed, glutathione levels in the liver fall, and the 
metabolite is covalently bound to nucleophilic hepatocyte macromole- 
cules. This process is believed to lead to hepatocyte necrosis; the 
precise sequence and mechanism are unknown. Hepatic injury may 
be potentiated by prior administration of alcohol or other drugs, by 
conditions that stimulate the mixed-function oxidase system, or by 
conditions such as starvation that reduce hepatic glutathione levels. 
Cimetidine, which inhibits P450 enzymes, has the potential to reduce 
generation of the toxic metabolite. In chronic alcoholics, the toxic 
dose of acetaminophen may be as low as 2 g. 



TREATMENT 

Treatment of acetaminophen overdosage includes gastric lavage, ■ 
supportive measures, and oral administration of activated charcoal 
or cholestyramine to prevent absorption of residual drug. Neither 
of these agents appears to be effective if given more than 30 min 
after acetaminophen ingestion; if they are used, the stomach lavage 
should be done before other agents are administered orally. In pa- 
tients with high acetaminophen blood levels (>200 u,g/mL measured 
at 4 h or >100 p,g/mL at 8 h after ingestion), the administration of 
sulfhydryl compounds (e.g., cysteamine, cysteine, or W-acetylcys^ . 
teine) appears to reduce the severity of hepatic necrosis. These agents j 
appear to act by providing a reservoir of sulfhydryl groups to bind i 
the toxic metabolites or by stimulating synthesis and repletion of 
hepatic glutathione. Therapy should be begun within 8 h of ingestion 
but may be effective even if given as late as 24 to 36 h after overdose: : ;j 
Later administration of sulfhydryl compounds is of uncertain value: 
Routine use of A'-acetylcysteine has reduced substantially the occur- 
rence of fatal acetaminophen hepatotoxicity. When given orally, 
/V-acetylcysteine is diluted to yield a 5% solution. A loading dose 
of 140 mg/kg is given, followed by 70 mg/kg every 4 h for 15 I" 
20 doses. Treatment can be stopped when plasma acetominophen 
levels indicate that the risk of liver damage is low. : 
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Survivors of acute acetaminophen overdose usually have no 
dence of hepatic sequelae. In a few patients, prolonged or rr~~ 
administration of acetaminophen in therapeutic doses appears 
led to the development of chronic hepatitis and cirrhosis. „ 

HALOTHANE HEPATOTOXICITY (IDIOSYNCRAl^ 
REACTION) Administration of halothane, a nonexplosive fluort; 



illy similar to 



chlo- , 



nated hydrocarbon anesthetic agem mm is suuuuian) . . ..• 

reform, results in severe hepatic necrosis in a small number of ' n l^gl 
als, many of whom have previously been exposed to this agent ' aI j|j^ 
failure to produce similar hepatic lesions reliably in animals, the r 
of hepatic impairment in human beings, and the delayed appear 



FDA panel wants stronger acetaminophen warnings 



A US advisory panel has recommended that explicit 
warnings about the possibility of liver toxicity should be 
added to all packs of OTC products containing 
acetaminophen (paracetamol). Although the risk of 
hepatotoxicity with the product is low statistically, in 
numerical terms it is high, with several hundred people 
dying each year. McNeil Consumer & Specialty Products, 
which presented data showing that the drug is safe at the 
recommended dosages, has already decided to add such a 
warning to its top-selling Tylenol line. 
The US FDA's non-prescription drugs advisory committee 
met on September 1 9th for the first day of a two-day 
session to review the safety of several OTC analgesics, 
beginning with acetaminophen. Panellists said all OTc' 
products in which acetaminophen is an active ingredient, 
such as cough-cold medicines, should clearly state this on 
the front of the pack. 

However, except in the case of high alcohol use, it decided 
that there was insufficient information to require warnings 
about a higher risk of liver damage due to other possible 
risk factors, such as underlying liver disease, use of other 
drugs or malnourishment. 

Acetaminophen labelling currently instructs users who 
consume three or more alcoholic drinks a day to ask their 
doctor whether they should take acetaminophen or other 
pain relievers/fever reducers. However, the committee said 
the specific warning about hepatotoxicity associated with 
acetaminophen should be kept separate from this 
instruction, so that users would not conclude that only 
alcohol consumption can lead to liver damage. 
. . . hepatotoxicity risk 

Annual overdoses associated with acetaminophen result in 
56,000 emergency department visits each year, including 
26,000 hospitalisations and more than 400 deaths, reported 
Dr William Lee, professor of liver disease at the University of 
Texas Southwestern Medical Center in Dallas. However, 
Dr Debra Bowen, McNeil's vice-president for R&D, noted that 
more than 100 million Americans consume acetaminophen 
preparations each year. "Harm is rare," she said. 
Dr Lee said about two-thirds of the overdoses were suicide 
attempts. Nevertheless, more than 2,000 hospitalisations 
and 100 deaths a year can be attributed to unintentional 
acetaminophen-associated overdoses, he said. The FDA 
asked the advisory committee to focus on these cases, on 
the assumption that label and pack changes could not 
reduce the number of suicide attempts. 
That assumption was challenged by Dr Peter Lurie of the 
US consumer advocacy organisation, Public Citizen. 
"In fact, many countries have sought to address the 
problem of suicides or 'intentional overdoses'," he said. 
In the UK, for example, an experiment implemented in 
September 1998 restricted the number of acetaminophen 
tablets per pack to 16 in supermarkets and 32 in 
pharmacies, primarily through the use of blister packs. 
"Although one can buy several packs, prescriptions are 
required to obtain more than 100 tablets." 
Early evaluation of the programme has shown decreases in 
total and severe acetaminophen overdoses as well as 
decreases in acetaminophen-overdose liver transplants and 
deaths, although the results are not completely consistent 
between studies, Dr Lurie said. 

A member of the audience rose to inform the committee 
that acetaminophen sales in the UK had dropped by half 
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since the restrictions came into effect. Aspirin sales also 
declined, but the use of other analgesics, including 
ibuprofen, had doubled, he said. But Dr Charles Ganley, 
director of the FDA's division of OTC drug products, said 
the agency would have to have good justification to restrict 
pack sizes in the same way. Such a move would need 
clearances from numerous bodies, such as the White House 
Office of Management and Budget. "And if we don't have 
data to support that, it's very difficult to impose it on 
someone," Dr Ganley said. 

. . . lack of information 

Unintended overdosing is usually caused by lack of 
information, the committee was told. The mother of a young 
man who died of liver failure after taking acetaminophen 
plus codeine and then OTC acetaminophen said that 
everyone had thought it was safe. 
"We continue to meet doctors who are unaware of the 
frequency of acetaminophen toxicity," she said. "Most 
people know about stomach problems and bleeding 
associated with NSAIs. Why aren't they aware of 
acetaminophen liver problems?" 

Dr Susan Winckler, vice-president and staff counsel of the 
American Pharmaceutical Association, said a study by the 
National Council on Patient Information and Education 
(NCPIE) on OTC medications had found that only 34% of 
consumers read label information about the active 
ingredient, and only 21% read the warnings section. 
Only 28% of parents and other "caregivers" were aware that 
OTCs could have side-effects, and only 36% could name a 
possible side-effect for a given medication. Most panelists 
wanted the FDA, which does not regulate OTC advertising, 
to recommend to the Federal Trade Commission, which 
does, that it require acetaminophen manufacturers to warn 
of liver toxicity in their TV and print ads. 
In the US, the recommended dose of acetaminophen for 
adults is 4g per day. McNeil consultant Dr Richard Dart, 
director of the Rocky Mountain Poison & Drug Center in 
Colorado, said prospective studies indicate no toxicity at or 
near the recommended dose. The studies also showed that 
serious hepatotoxicity occurs following substantial 
overdose, either a single dose of about 15g or multiple 
doses of around 12g/day. 

However, Dr Claudia Karwoski of the FDA's Office of Drug 
Safety found 23 cases of severe liver injury with 
acetaminophen at doses of 4g or less per day in the FDA's 
Adverse Event Reporting System (AERS) database. Ten of 
these cases were associated with alcoholism or alcohol use, 
three with regular alcohol use, 13 with liver problems, and 
three with poor nutrition status. 

Dr Karwoski said it was difficult to draw conclusions from 
these cases, as there was no certainty that the dosing 
information was reliable or that the cases were 
unintentional. On the other hand, the FDA estimates that 
only 1-10% of adverse events are reported to it, she said. 
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from which the company reported results in November 
[Scrip No 3316, p 19). It met its primary endpoint, median 
time to onset of relief of symptoms, with a 20 units/kg dose- 
30 minutes versus 1.5 hours with placebo. A 10 units/kg dose 
showed a trend towards improvement which did not reach 
significance, but CSL declined to give the precise data. 
The trial also met all its secondary endpoints, including 
worsening of symptoms and time to complete resolution of 
HAE symptoms. 

There are no specifically approved therapies in the US for 
HAE, a genetic disorder thought to affect up to 75,000 
people in the US and Europe that causes recurrent attacks 
of inflammation in the extremities, face, urogenital tract, 
abdomen and larynx. Laryngeal attacks can be fatal. 
It is caused by a deficiency of the plasma protein C1 
esterase inhibitor, which in healthy people decreases 
activity of the complement and kallikrein systems which are 
responsible for the inflammation seen in the disorder. 
Current treatments include anabolic steroids to prevent 
attacks, and pain control and rehydration, or antifibrinolytics 
such as tranexamic acid during attacks; however, patients 
often have to wait for the pain and swelling to subside. CSL 
has marketed C1-INH as Berinert in several European 
countries for 30 years including Germany, Austria and 
Switzerland. CSL said it had developed the product in the US 
after becoming aware of the growing unmet need there in 
recent years. The firm does have plans to file it in the EU, but 
declined to say when. 

...competition 

There are several products vying to become the first 
specifically approved treatment for HAE in the US. Lev 
Pharmaceuticals filed its candidate Cinryze in the US in 
August, while Jerini filed icatibant (proposed tradename 
Firazyr) in the US in October and in the EU last August. 
Pharming had a setback when its product Rhucin was 
rejected by the EU's CHMP in December [Scrip No 3322, p 
21 ), but the firm has appealed the decision and plans to file 
Rhucin in the US later this year. 

C1-INH, Cinryze and Rhucin are all C'l-inhibitors, with the 
first two being derived from human plasma, while Rhucin 
is a transgenic product derived from rabbits' milk. Lev says 
its product goes through a further filtration process to 
eliminate contaminants, while Pharming says that Rhucin 
does not carry the same risk of contamination as plasma- 
derived products and is not limited by the availability of 
human blood. 

Icatibant is a bradykinin B2 antagonist, working later in the 
inflammatory cascade - bradykinin is produced via 
kallikrein activation. Another candidate, Dyax's DX-88 
(ecallantide), a plasma kallikrein inhibitor, is in a 
confirmatory Phase III trial. 

C1-INH appears to compare well with the other candidates, 
which also had the primary endpoint of time to onset of 
symptom relief in clinical trials. This was 60 minutes with 
Rhucin versus 8.5 hours with placebo [Scrip No 3291, p 19), 
two hours for Cinryze versus over four hours with placebo 
(Scrip No 3283, p 21), and two hours with icatibant 
compared with 12 hours for tranexamic acid. 
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udii ibsuii in icnciimes wnen overuoseci. uiner approved 
cough products containing the narcotic ingredient are 
given every four to six hours, and the regulators continue 
to review safety information for those products. 
Adverse event reports associated withTussionex have 
included life-threatening side-effects and deaths in patients, 
including children, the regulators said. These reports reveal 
that physicians are sometimes prescribing, and patients are 
sometimes taking, more than the recommended dose or 
taking the medication more frequently than every 12 hours. 
The reports also show that Tussionex is sometimes 
prescribed or given to children less than six years old, for 
whom the medication is not approved. 
Without careful measurement of the suspension, overdose 
can result in fatal respiratory depression. UCB has agreed to 
update the labelling to make it clear thatTussionex is 
contraindicated in children under six, and that accurate dosing 
is essential.The FDA urged that physicians and caregivers 
only use a medical syringe or other device designed to 
measure the suspension - and that household teaspoons or 
tablespoons vary in size and should not be used. 
The company has said that five deaths have been reported 
in children under age six who took Tussionex since its 
approval in the US in 1987. Tussionex contains 
hydrocodone and the antihistamine chlorpheniramine in an 
extended-release form. 



US liver warning for Prezista 

Tibotec Therapeutics (Johnson & Johnson), in co-operation 
with the FDA, has alerted US doctors of changes to the 
"Warnings" section of the data sheet for its protease 
inhibitor, Prezista (darunavir), regarding the risk of 
hepatotoxicity. Prezista was introduced in the US in 2006 
for the treatment of HIV/AIDS. 

The alert was made in a Dear Healthcare Provider letter that 
has been posted on the FDA's Medwatch page. The letter 
notes that in clinical trials and postmarketing experience, 
drug-induced hepatitis (eg, acute hepatitis, cytolytic 
hepatitis) has been reported in patients receiving 
combination therapy with Prezista/ritonavir. Ritonavir is 
marketed by Abbott as Norvir. 

The letter notes that the updated data sheet states under 
the heading "hepatotoxicity" that during clinical trials in 
3,063 patients, drug-induced hepatitis was reported in 0.5% 
of patients receiving the combination. Patients with pre- 
existing liver dysfunction have an increased risk for liver 
function abnormalities. 
That section of the data sheet now also notes: 
"Postmarketing cases of liver injury, including some 
fatalities, have been reported. These have generally occurred 
in patients with advanced H1V-1 disease taking multiple 
concomitant medications, having co-morbidities including 
hepatitis B or C co-infection, and/or developing immune 
reconstitution syndrome. A causal relationship with Prezista/ 
ritonavir therapy has not been established."The number of 
postmarketing cases has not been provided in the updated 
label.Tibotec's letter states that appropriate laboratory tests 
should be conducted prior to initiating therapy with Prezista. 



Swedish generics firms 
complain about substitution 

The Swedish generic industry association, thefGL, has 
written to the Medical Products Agency complaining about 
the generic substitution list, which it says is becoming too 
restricted. A number of generic products have been 
excluded from the list because the MPA says they are not 
identical to the original, the FGL says. 
Generic substitution was introduced in Sweden in October 
2002. The MPA draws up a list of substitutable products, and 
pharmacists dispense the cheapest product they have in stock. 
But the FGL says the system needs to be reviewed to ensure 
that the substitution criteria correspond with the intention of 
the law. It also wants the MPA to improve its 
communications with generics companies during the 
procedure for deciding on substitution status, in order to 
avoid obstacles to substitution. 

It says the MPA has developed its own regulation separately 
from the original law, so that it is in charge of both the 
regulation and its implementation. The FGL points out that 
when generics companies applied for approval they 
assumed the products would also be added to the 
substitution iist. Therefore it is important for the MPA to 
communicate if there are any problems, as this could affect 
the company's market prospects'. 

...examples 

The FGL refers to two examples from a previous letter to 
the MPA: Nycomed's anti-epileptic, Gabapentin Nycomed 
(gabapentin), was not considered substitutable for Pfizer's 
Neurontin (gabapentin) for epilepsy. The agency said the 
product had a narrow therapeutic window and so it could not 
rule out the possibility that switching a patient from the original 
product to a generic could cause problems. The possibility that 
the prescriber might identify such risks in advance was lirnjted. 
Another was GEA's Fluconazol GEA (fluconazole), which was 
approved under the European mutual recognition procedure. 
The MPA decided not to list the product, saying differences in 
its labelling "meant it was not substitutable for the originator, 
Pfizer's Diflucan^ The general manager of GEA, in Sweden, 
Hakan Josephsson, told Scrip that the labelling had "now been 
changed and the product would be added to the substitution 
list. But if the MPA hadtold the company about this problem 
earlier on, it could have been resolved more quickly, he said. 
The FGL says that in both cases it would have been better 
if the MPA had contacted the companies to inf orm them 
about the reasons for its decisions and to find a solution. 
The consequence of a restrictive substitution approach is 
less competition and therefore fewer-saying opportunities 
for taxpayers, according to the asso 1 3' ion Tor the 
companies that market generics it means insecurity and 
the risk that investments wilLnotyield economic returns," 
it says. ^ ...... ....... - : 

...agency reply i ■ - ' ' ■ - 1 

The agency said jf would reply in writing or invite the FGL 
for a meeting to discuss the issue. It said the substitution 
regulation and the agency's overall criteria for the list had 
been published in 2002; the law said that only products 
that were medically equivalent should be added to the list. 
The aaencv had then developed its criteria for the listing 



EMEA looks at early 
detection of hepatotoxicity 

The European Medicines Agency.(EMEA) is preparing 
guidance for the pharmaceutical industry on ways of 
detecting a products hepatotoxicity potentiaLbefore it 
enters clinical trials. 

Liver injury is one of the most common reasons why 
approved drugs are withdrawn fr;om-thevmarket,,a:nd over 
the past few-years-several products have-been withdrawn 
or discussed by the agency's.scientific . advisory 
committee, the CHMP, for this reason, the EMEA says. 
The CHMP's pharmacovigilance working.partylhas 
discussed more than 20, products because of-signs .of liver 
damage. 

None of the current guidr.lint-c looks at ho a to detect and 
collect early signals linked to drug-induced liver injury in 
non-clinical studies, and experience shows that using.: 
traditional reporting strategic nay ficie t to predict 

the outcome of serious adverse liver-effects in humans, the 
agency notes. 

It has therefore issued a conr ptpapei s « u st ^ep towards 
developing a CHMP gu ile'ine .n,-dih dete tion'of 
hepatotoxicity from non-clinical documentation. This will 
help industry and regulatory assessors to evaluatecand 
interpret non-clinical data that could possibly servfi.as;U 
prognostic early signals. The dra^T ".Hi ie.-is ex[ e tedic 
be d scussed n the December m^eunj pt liu; CHMP'p 
safety working-party. 



■ Medicine spending up b\ 6.5° o in Norway 

Medicine spending in Norway grew b\ 6.5° , v o NKr4,8 billion 
($700 million) during the first six mon hs ofthisyear compared 
with the same period last year, according So FarmasUit.Thti 
jener s ectc tl st nqe gr thrate^wi sale u 
by 8.8% t NKr596 miiliol Sales of parallel imports fell by 6°/ 
to NKr283 million. Sales of non-r i ^e> pti h un ducts through 
pharmacies also declined, by 0.9°/ to N.Kr365 million, partly as 
e-ult >f the lit .i io >< Lh DTC i rketjn i \ \ i last 
Sal f med les n owecl.'.ti n ii 0 r 
growth rate was only 3.3% compared^ ithjdouble digre gi owtl i 
rates in previous years {Scrip No .'048 p 8). 

I UK sales of athlete's foot products could 
grow by 1 6% this year 

The switching of products tc gene- t 1 ales lis" (GSL.) statu . 
in the UK can have beneficia < ecYsorf; 
H ording to Novarti: :dnsume Hoalsli. The switch > + + s 
Lamisil (terbinafine) 1% spray t GSl r r August 1st 
combined with the switch ;«; Lamlsil 1 \ cr am to GSEm 
March, is expected to contribute to an estim; f |d T c ' 
growth in the marketforathlew too' p dduct this /em, 
the company says. 70% of such dl-s are d GSLj pro J icts, 
and 6C C , of GSL sales are in pharmacies so pharpacjes 
should bene itfron the'switch Th< t ta I Upmarket for. 
athle e's foot pro lucts is e timated at £20 3 million 

I EU pays more into Global Fund 

The European Commission is to pay an additional €42 million 
to the Global Fund to fight HIV/AIDS, TB and Malaria, - 
bringing its total contribution since 2002 to €375 million, 
... ..... u. * +u« c. , n r(fXr onriwn« • 
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Hypersensitivity: anaphylaxis, purpura, 
rash, urticaria, necrotizing angiitis (vase 
vasculitis), fever, respiratory distress includ 
Other: hyperglycemia, glycosuria, hyperu 



association with other calculus maten ' 1 terene h 

been associated with blood dyscrasias. 

Whenever adverse reactions are moderate to severe, therapy 

should be reduced or withdrawn. 

OVERDOSAGE 

No specific data are available regarding MAXZIDE triam- 
terene/hydrochlorothiazide overdosage in humans and no 

Fluid and electrolyte imbalances are the most important 
concern. Excessive doses of the triamterene component may 
elicit hyperkalemia, dehydration, nausea, vomiting and 
weakness and possibly hypotension. Overdosing with hydro- 
chlorothiazide has been associated with hypokalemia, hypo- 
chloremia, hyponatremia, dehydration, lethargy (may prog- 
ress to coma) and gastrointestinal irritation. Treatment is 
symptomatic and supportive. Therapy with MAXZIDE 
should be discontinued. Induce emesis or institute gastric 
lavage. Monitor serum electrolyte levels and fluid balance 
Institute supportive measures as required to maintain hy- 
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., electrolyte balance, 

renal function. 

DOSAGE AND ADMINISTRATION 

The usual dose of MAXZIDE-25 MG is one or two tablets 
daily, given as a single dose, with appropriate monitoring of 
»?™,R£ aSSium (see WARN INGS). The usual dose of 
MAXZIDE is one tablet daily, with appropriate monitoring 
of serum potassium (see WARNINGS). There is no experi- 
ence with the use of more than one MAXZIDE tablet daily or 
more than two MAXZIDE-25 MG tablets daily. Clinical expe- 
nd, ce with the administration of two MAXZIDE-25 MG 
tablets daily in divided doses (rather than as a single dose) 
suggests an increased risk of electrolyte imbalar, 

Patients receiving 50 mg of hydrochlorothiazide 
hypokalemic may be transferred to MAXZIDE 
tients receiving 25 mg hydro 1 I of lia id, > , 
( ;1 a nit may be transferred to MAXZIDE-25 MG 37 5 ma 
triamterene/25 mg hydrochlorothiazide directly. 
In pa ients requiring hydrochlorothiazide therapy and in 
whom hypokalemia cannot be risked tr ivma iti 
ated with MAXZIDE-25 MG. If an optimal blood pressure 
response is not obtained with MAXZIDE-25 MG, the dose 
should be increased to two MAXZIDE-25 MG tablets daily as 
a single dose, or one MAXZIDE tablet daily. If blood pressure 
itrolled, another antih\ | tensi in 
PRECAUTIONS, Drug Interactions), 
uinical studies have shown that patients taking less bi- 
oavailable formulations of triamterene and hydrochlorothia- 
zide (totaling 75-100 mg hydrochlorothiazide and 
150-200 mg triamterene) may be safely changed to one 
MAXZIDE tablet per day. Patients receiving less bioavaila- 
ble formulations of triamterene and hydrochlorothiazide in 
daily doses of 25-50 mg hydrochlorothiazide and 50-100 mg 
triamterene may be safely changed to one MAXZIDE-25 MG 
tablet daily. All patients changed from less bioavailable for- 
mulations to MAXZIDE should be monitored clinn i 
for serum potassium after the transfer. 
HOW SUPPLIED 

MAXZIDE tablets are bowtie-shaped, flat-faced beveled 
light yellow tablets, engraved with MAXZIDE on one side 
and scored on the other with LL on the left and M8 on the 
right of the score. Each tablet contains 75 mg of triamterene 
USP and 50 mg of hydrochlorothiazide. USP. They are sup^ 



plied as follows. 

NDC 0005-4460-43— Bottle of 100 with CRC 

NDC 0005^460-31-Bottle of 500 

NDC 0005-4460-60-Unit Dose 10 >; 10s 
MAXZIDE-25 MG tablets are bowtie-shaped, flat-faced bev- 
eled, light green tablets, engraved with MAXZIDE on one 
side and scored on the other with LL on the left and M9 on 
the right of the score. Each tablet contains 37.5 mg of 
triamterene, USP and 25 mg hydrochlorothiazide, USP 
They are supplied as follows: 

NDC 0005-4464-43— Bottle of 100 with CRC 

NDC 0005-4464-60— Unit Dose 10 X 10s 

Store at Controlled Room Temperature 15-3(TC (59-86"F) 
Protect From Light. 

Dispense in a tight, light-resistant, child-resistant container 
MILITARY and V A Depots: 

MAXZIDE Triamterene 75 mg/Hydrochlorothiazide 50 mg 
NSN 6505-01-196-5402— (lOOs) 
NSN 6505-01-206-5068— (500s) 
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MYLAN PHARMACEUTICALS, INC. 
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Shown in Product Identification Section, page 414 

METHOTREXATE Tablets 
METHOTREXATE Sodium 
METHOTREXATE LPF®Sodium Parenteral 



WARNINGS 

METHOTREXATE SHOULD BE USED ONLY BY 
PHYSICIANS WHOSE KNOWLEDGE AND EXPERI- 
ENCE INCLUDES THE USE OF ANTIMETABOLITE 
THERAPY. 

THE USE OF METHOTREXATE HIGH-DOSE REGI- 
MENS RECOMMENDED FOR OSTEOSARCOMA RE- 
QUIRES METICULOUS CARE (see DOSAGE AND 
ADMINISTRATION). HIGH-DOSAGE REGIMENS 
FOR OTHER NEOPLASTIC DISEASES ARE INVES- 
TIGATIONAL AND A THERAPEUTIC ADVANTAGE 
HAS NOT BEEN ESTABLISHED 
BECAUSE OF THE POSSIBILITY OF SERIOUS 
TOXIC REACTIONS, THE PATIENT SHOULD BE 
INFORMED BY THE PHYSICIAN OF THE RISKS 
INVOLVED AND SHOULD BE UNDER A PHYSI- 
CIAN'S CONSTANT SUPERVISION 
DEATHS HAVE BEEN REPORTED WITH THE USE 
OF METHOTREXATE IN THE TREATMENT OF MA- 
LIGNANCY AND PSORIASIS. 

IN THE TREATMENT OF PSORIASIS, METHOTREX- 
ATE USE SHOULD BE RESTRICTED TO PATIENTS 
WITH SEVERE RECALCITRANT, DISABLING DIS- 
EASE, WHICH IS NOT ADEQUATELY RESPONSIVE 
TO OTHER FORMS OF THERAPY, AND ONLY 
WHEN THE DIAGNOSIS HAS BEEN ESTABLISHED 
AND AFTER APPROPRIATE CONSULTATION. 

1. Methotrexate has been reported to cause fetal de; 
and/or congenital anomalies. Therefore, it is t... 
recommended for women of childbearing potential 
unless there is clear medical evidence that the bene 
fits can be expected to outweigh the considered risks. 
Pregnant patients with psoriasis should not receive 
methotrexate. (See PRECAUTIONS.) 

2. A mandatory part of methotrexate therapy is periodic 
monitoring ,:,! tovwity. mc'.udm: <•'»<' with differim 
tial and platelet counts, and liver and renal function 
tests Periodic liver l,i:,r.- i- :- may be i»«Vatc<l in some 
situations. Patients at increased risk for higher blood 
levels or methotrexate should be monitored n 
frequently. (See PRECAUTIONS.) 

3. Methotrexate can be hepatotoxic. Transient ef 



een fret 



lown fatty change and portal inflan 
tion, and fibrosis and cirrhosis have been repoi 
these lesions may occur in the absence of sympton 
previous liver function test abnormaliti, <- 1 
CAUTIONS.) 

4. Methotrexate-induced lung disease is a potentially 
dangerous lesion, which may occur acutely at any 
time during therapy; it is not always fully reversible. 
Pulmonary symptoms (especially a dry, nonproduc- 
tive cough) require interruption of treatment and 
careful investigation. 

5. Methotrexate may produce marked bone marrc 
depression, with resultant anemia, leukopenia, am 
or thrombocytopenia. 

6. Diarrhea and ulcerative stomatitis require inter™ 
tion of therapy; otherwise, hemorrhagic enteritis ar 
death from intestinal perforation may occur. 

7. Methotrexate therapy in patients with abnormal 
renal function should be undertaken, if at all, with 



8. Deaths have been reported with concomitant admin- 
istration of methotrexate (usually in high dosage) 
along with some nonsteroidal anti-inflammatory 
drugs (NSAIDs). (See PRECAUTIONS.) 



; may be obtained fror 
nent, Lederle Laborat 



nyljpiperazine. 
CLINICAL PHARMACOLOGY 

Tinea (pityriasis) versicolor is a non-contagious infection of 
the skin caused hyPityrosporum orbiculare (Malassezia fur- 
fur). This commensal organism is part of the normal skin 
flora. In susceptible individuals the condition is often recur- 
rent arid, may give rise to hyperpigmented or hypop'ig- 
mented patches on the trunk which may extend to the neck, 
arms and upper thighs. Treatment of the infection may not 
immediately result in restoration of pigment to the affected 
sites. Normalization of pigment following successful ther- 
apy is variable and may take months, depending on individ- 
ual skin type and incidental skin exposure. The rate of re- 
currence of infection is variable. 

When ketoconazole 2% shampoo was applied dermally to in- 
tact or abraded skin of rabbits for 28 days at doses up to 50 
mg/kg and allowed to remain one hour before being washed 
away, there were no detectable plasma ketoconazole levels 
using an assay method having a lower detection limit of 5 
ng/mL. NIZORAL® (ketoconazole) was not detected in 
plasma in 39 patients who shampooed 4-10 times per week 
for 6 months or in 33 patients who shampooed 2-3 times per 
Week for 3-26 months (mean: 16 months), 
An exaggerated use washing test on the sensitive antecubi- 
tal skin of 10 subjects twice daily for five consecutivi 
showed that the irritancy potential of ketoconazo 
shampoo was significantly less than that of 2.5% sell 
sulfide shampoo. ■•;•*.,•:,. • 

A human sensitization test, a phototoxicity study, 



ensitization of the delayed hy- 



photoallergy study 
unteers showed no contact 
persensitivity type, no phot 
potential due to NIZORAL® (ketoconazole) 2% Shampoa 
Mode of Action: Interpretations of in vivo studies suggest 
that ketoconazole impairs the synthesis of ergosterol, which 
is a vital component of fungal cell membranes. It is postu- 
lated, but not proven, that the therapeutic effect of keto- 
conazole in tinea "(pityrriasis) versicolor is due to the reduce 
tion of Pityrosporum orbiculare (Malassezia furfur) arid that 
the therapeutic effect in dandruff is due to the reduction of 
Pityrosporum ovale. Support for the therapeutic 'effect in 
tinea versicolor comes from a three-arm,' parallel, double- 
blind, placebo-controlled study in patients who had moder- 
ately severe tinea (pityriasis) versicolor. Successful re- 
sponse rates in the primary efficacy population for each of 
both three day and single -day regimens of ketoconazole 2% 
oam P< 1 ' nificanllv K nmU-r 0 . d 

69';, respectively) than a placebo regimen (5%). There had 
been mycologies! confirmation of fungal disease in all cases 
at baseline. Mycologies! clearing rates were 84% and 78%, 
respectively, for the three day and one-day regimens of the 
2% shampoo and 11% in the placebo regimen. While the dif- 
ferences in the rates of successful response between either 
of the two active treatments and placebo were statistically 
significant, the difference between the two active regimens 

Microbioiogy: NIZORAL® (ketoconazole) is a broad-spec- 
trum synthetic antifungal agent which inhibits the growth 
of the following common dermatophytes and yeasts by alter- 
ing the permeability of the cell membrane: dermatophytes: 
Trichophyton, rubrum, T. mentagrophytes, T. tonsurans,' Mi- 
crosporum.canis, M. audouini;:M. gypseum and Ep'ider- 
mbphyton floccosum; yeasts: Candida albicans, C. tropica- 
lis, Pityrosporum ovale (Malassezia ovale) and Pityrosporum 
orbiculare (M. furfur). Development of resistance: by these 
microorganisms to ketoconazole has not been reported. 
INDICATIONS AND USAGE 

NIZORAL® (ketoconazole) 2% Shampoo is indicated for the 
treatment of tinea (pityriasis) versicolor caused by or pre- 
sumed to be caused by Pityrosporum orbiculare (also known 
as Malassezia furfur or M. orbiculare). 
Note: Tinea (pityriasis) versicolor may give rise to hyperpig- 
mented or hypopigmented patches on the trunk which may 
extend to the neck, arms and upper thighs. Treatment of the 
infection may not immediately result in normalization of 
pigment to the affected sites. Normalization of pigment fol- 
lowing successful therapy is variable and may take months, 
depending on individual skin type and incidental sun expo- 
sure. Although tinea versicolor is riot contagious, it may re- 
cur because the organism that causes the disease is part of 
the normal skin flora. 
CONTRAINDICATiONS 

NIZORAL® (ketoconazole) 2% Shampoo is contraindicated 
in. persons who have shown hypersensitivity to the active 
ingredient or excipients of this formulation. 
PRECAUTIONS 



removal of the cur] from permanently waved hair. 
Carcinogenesis, Mutagenesis, Impairment of Fer 

The dominant lethal mutation test in male and female 
revealed that single oral doses of ketoconazole as high as go 
mg/kg produced no mutation in any stage of germ cell de- 
velopment. The Ames Salmonella microsomal activator as- 
say was also negative. A long-term feeding study of keto- 
conazole in Swiss Albino mice and in WiBtar rats showed no 
evidence of oncogenic activity. 

Pregnancy: Teratogenic effects: Pregnancy Category C: 

Ketoconazole is riot detected in plasma after chronic sham- 
pooing. Ketoconazole has been shown to be teratogenic (syn- 
dactylia and oligodactylia) in the rat when given orally in 
the diet at 80 mg/kg/day (10 times the maximum recom- 
mended human oral dose). However, these effects may be 



nancy only if the potential benefit justifies the potential risk 
t detected in plasma 



the fetus. 

exercised when NIZORAL® (ketoconazole) 2% Shampoo Is 
administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have 



ADVERSE REACTIONS 

In 11 double-blind trials in 264 patients using ketoconazole 
2% shampoo for the treatment of dandruff or. seborrheic der- 
matitis, an increase in normal hair, loss and irritation oc- 
curred in less than 1% of patients: In three open-label safety 
trials in which 41 patients shampooed 4-10 times weekly 
for six months, the following adverse experiences each oc- 
curred once: abnorrhal hair texture, scalp pustules, mild 
dryness of the skin, and itching. As with other shampops, 
oiliness and dryness of hail and scalp have been reported. 
In a double-blind, placets-controlled trial in which patients 
with tinea versicolor were tfea'te'd with either a single ap 
plication of NIZORAL® (ketoconazole). 2% Shampoo 
<"-10fi), ' •♦•'•>V application li,r ihrvr consecutive days 

curred in 5 (5%J, 7 (7%) and 4 (4%) of patients, respectively. 
The only events that occurred in more than one patient in 
any one of the three treatment groups were pruritus, appli- 
cation site reaction,, and dry skin; none of these events oc 
curred in more.thari 3% of the patients in any one of the' 
three groups. ' ; • ' ' 



NIZORAL® (ketoconazole) 2% Shampoo is intended for ex- 
ternal use only. In the event of accidental ingestion, sup- 
portive measures should be employed. Induced emesis and 
gastric lavage should usually be avoided; 
DOSAGE AND AbivUNISTRATION 
Apply the shampoo to the damp skin" of the. affected area 
and a wide, margin sujTountog.this area. Lather, leave in 
place for 5 minutes, and then rinse off with water. 
One -application of the shampoo, should be sufficient. 
HOW SUPPLIED . v 

NIZORAL® (ketoconazole) 2% Shampoo is a red-orange liq- 
uid 'supplied in a,4-fluid ounce nonbreakable plastic bottle 
(NDC 50458-223-04). 

Storage conditions: Store at a temperature not above 
25°C(77°F). Protect from light.:* . 
Manufactured, by: 
Janssen'Cila'g SPA 

La&ui, Italy ' '"''. < 

Distributed by. 

Jahssen Pharmaceutica Inc. 

Titusville, NJ 08560 

Revised June 1996, August 1997 

U.S. Patent No. 4,335,125 

Shown in Product Identification Guide, page 317 



NIZORAL® 

[nl 'zor-al ] 

(ketoconazole) 

Tablets 



WARNING: When used orally, ketoconazole has been 
associated with hepatic toxicity, mcluding some fatali- 
ties. Patients receiving this drug should be informed by 
the physician of the risk arid should be closely moni- 
tored. See WARNINGS and PRECAUTIONS sections. 
Coadministration of terfenadine with ketoconazole tab- 
lets is contraindicated. Rare cases of serious cardiovas- 



patients taking ketoconazole tabl^ 
terfenadine, due to increased till 
tions induced by ketoconazole t»J,vA«S 
DICATIONS, WARNINGS , J| 
sections. ' ; ^ 

Pharmacokinetic data inc 
inhibits the metabolism oi 
vated plasma levels of astemizole'ip 
olite desmethylastemizole whicW 11 '^- 
vals. Coadministration of astemizotlS 
tablets is therefore contraind', it, i" M 
CATIONS, WARNINGS, and PREcffl 
Coadministration of cisapride with k 
traindicated. Serious'cardiovasci 
eluding ventricular tachycardia, 
and torsades de pointea h 
ing ketoconazole concomitantly 
CONTRAINDICATIONS, WARNlSl 



DESCRIPTION . 

NIZORAL® (ketoconazole) i 
antifungal agent available in scored wnS 
taining 200 mg ketoconazole base fo'i'M 
Inactive ingredients are colloidal sf 
starch, lactose, magnesium' stearate m 
lose and povidone. Ketoconazole is c 
(2,4-dichlorophenyl) -2- (lll-i m . i ... < ]\h 
olan^t-yl) methoxyllphenyj] pipera: inc ' ^ 
Ketoconazole is a white to slightly beigp 
soluble in acids, with a molecular w. 
CLINICAL PHARMACOLOGY 
Mean peak plasma levels, of approx_ 
reached within 1 to 2 hours, Moyring orall 
a single 200 mg dose taken with a" meal JST 
ehmination is biphasic with.a half-life pf 2i 
first.10 hours.and 8 hours thereafter. Folio 
from the gastrointestinal tract, N 

identified metabohc pathways are 
"ion ol the imidazole and piperazine ri 
"1 Ikylation . ■' ! 1- > 1 , 

dose is excreted in the urine, ot win. }, 2 !,. 
drug. The major route of excretion is thro„ 
the int inal tract /ri i plasma pi 

atir.-at •;!!'':■ mainly to tin albumin fnictior '' 
proportion of ketoconazole reaches the ce 
Ketoconazole is a weak dibasic agent ru 
aridity for dissolution and absorption'.' 

! * 1 • ' 1 ) 1 ri 

with Blastomyces dmuatUidis. Cand, la if, 

Hu.tnplasma rupsulatum, i'C'.u-.K 
1 I si I ' 

I . ' I I V h ! I , , - , ', , > 
1 I ' , >. Ketoi I i< i 

, .0 • '1 ol fungi and ) , ^ m 1 
ity !,;, - been domonsti ited a;' 
mytcs dermatitidis, llistuplasma capsu'lat'ufy 
furfur, Coccidioides immitis, and Cryptococc" 
Mode of Action: In vitro studies suggest th 
impairs the synthesis of ergosterol, whichys^ 
nerit of fungal cell membranes. 
INDICATIONS AND USAGE 
NIZORAL® (ketoconazole) Tablet* .. . 
treatment of the following systemic fungal -am 
didiasis, chronic mucocutaneous' caiiojaiasisj{ 
candiduria, blastomycosis, cwxadioidomycosisj; 
sis,; chromomycosis, and • paracocddjbiBo'irS 
ZORAL® Tablets should not be used for Mm 
because it penetrates poorly into 1 the cerebrajiM 
NIZORAL® Tablets are also indicated for the* 
patients with severe recalcitrant cutanepuB;ae 
infections who have not responded to topicai thi 
griseofulvin, or who are unable ' to take~grisep'fi^ 
CONTRAINDICATIONS 
Coadministration of terfenadine oi 
coriazole tablets is contraindicated. (See B 
WARNINGS, and PRECAUTIONS sorts:. . V | 
Concomitant administration of NIZOR-. ; V T?| 
cisapride is contraindicated: (See BOi'WARNjjQ 
INGS, and PRECAUTIONS sections'.) . . A-i 
Concomitant administration of NIzdRAI/B.-M 
oral triazolam is contraindicated. (See PRKCAlKj 
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Remicade — Cont. 



thereafter through week 22 in Study UC II. In Study UC II, 
patients were allowed to continue blinded therapy to week 
46 at the investigator's discretion. 

Patients in Study UC I had failed to respond or were intol- 

azathioprine (AZA). Patients in Study" UC II had failed to 
respond or were intolerant to the above treatments and/or 

&^Xs UcYandUC n wre receding corticosteroids (61% 
and 51%, respectively), 6-MP/azathioprine (49% and 43%) 

tients in Study UC II than UC I were taking solely ami- 
nosalicylates for UC (26% vs. 11%, respectively). Clinical re- 
sponse was denned as a decrease from baseline in the Mayo 
score by a 30% and 2 3 points, accompanied by a decrease 
in the rectal bleeding subscore of > 1 or a rectal bleeding 
subscore of 0 or 1. 

Clinical Response, Clinical Remission, and Mucosal 

In both Study UC I and Study UC II, greater percentages of 
patients in both REMICADE groups achieved clinical re- 
sponse, clinical remission and mucosal healing than in the 
placebo group. Each of these effects was maintained 
through the end of each trial (week 54 in Study UC I, and 
week 30 in Study UC II). In addition, a greater proportion of 
patients in REMICADE groups demonstrated sustained re- 
sponse and sustained remission than in the placebo groups 
(Table 9). 

tions of patients in the REMICADE treatment groups were 
in clinical remission and able to discontinue corticosteroids 
at week 30 compared with the patients in the placebo treat- 
ment groups (22% in REMICADE treatment groups vs. 10% 
in placebo group in Study UC I; 23% in REMICADE treat- 
ment groups vs. 3% in placebo group in Study UC II). In 
Study UC I, this effect was maintained through week 54 
(21% in REMICADE treatment groups vs. 9% in placebo 
group). The REMICADE-associated response was generally 
similar in the 5 mg/kg and 10 mg/kg dose groups. 
[See table 9 at bottom of previous page] 
The improvement with REMICADE was consistent across 
all Mayo subscores through week 54 (Study UC I shown in 
Table 10; Study UC II through week 30 was similar). 



PROPORTION OF F 
SUBSCORES INDICATING INACTIVE OR MILD DISEASE 
THROUGH WEEK 54 

Study UC I 

REMICADE 
Placebo 5 mg/kg 10 mg/kg 

(n=121) (n=121) (n=122) 

Stool frequency 
Baseline 



PHYSICIANS' DESK REFERENC 



Wee; 



35%. 
35% 



51% 



58% 
53% 



INDICATIONS AND USAGE 
Rheumatoid Arthritis 

REMICADE, in combination with methotrexate, is indi- 
cated for reducing signs and symptoms, inhibiting the pro- 
gression of structural damage, and improving physical func- 
tion in patients with moderately to severely active 
rheumatoid arthritis. 
Crohn's Disease 

REMICADE is indicated for reducing signs and symptoms 
and inducing and maintaining clinical remission in adult 
and pediatric patients with moderately to severely active 
Crohn's disease who have had an inadequate response to 
conventional therapy (see Boxed WARNINGS, WARNINGS, 
and PRECAUTIONS-Pediatric Use). 
REMICADE is indicated for reducing the number of drain- 
ing enterocutaneous and rectovaginal fistulas and main- 
taining fistula closure in adult patients with fistulizing 
Crohn's disease. 

ndylitis 



Plaque Psoriasis 

REMICADE is indicated for the treatment of adult patien 
with chronic severe (i. 
psoriasis who are candidates for systemic therapy and wh 
other systemic therapies are medically less appropria 
REMICADE should only be administered to patients w 
will be closely monitored and have regular follow-up vis 
with a physician (see Boxed WARNINGS, WARNINGS, a 
PRECAUTIONS). 



REMICADE is indica 



icing signs £ 



id use in patients with 
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to patients with moderate to severe heart fail 
domized study evaluating REMICADE in patients with 
moderate to severe heart failure (New York Heart Associa- 
tion [NYHA] Functional Class IIWV), REMICADE treat- 
ment at 10 mg/kg was associated with an increased inci- 
dence of death and hospitalization due to worsening heart 
failure (see WARNINGS and ADVERSE REACTIONS, Pa- 
tients with Heart Failure). 

REMICADE should not be re-administered to patients who 
have experienced a severe hypersensitivity reaction to 
REMICADE. Additionally, REMICADE should not be ad- 
ministered to patients with known hypersensitivity to inac- 
tive components of the product or to any murine proteins. 
WARNINGS 
RISK OF INFECTIONS 
(See Boxed WARNINGS) 

Serious infections, including sepsis and pneumonia, have 
been reported in patients receiving TNF-blocking agents. 
Some of these infections have been fatal. Although some 
of the serious infections in patients treated with 
REMICADE have occurred in patients on concomitant im- 
which in addition to their under- 
predispose them to infections, 
some patients who were hospitalized or had a fatal out- 
come from infection were treated with REMICADE alone. 
REMICADE should not be given to patients with a clinically 
important, active infection. Caution should be exercised 
when considering the use of REMICADE in patients with a 
chronic infection or a history of recurrent infection. Pa- 
tients should be monitored for signs and symptoms of in- 
fection while on or after treatment with REMICADE. New 
infections should be closely monitored. If a patient devel- 
ops a serious infection, REMICADE therapy should be dis- 
continued (see ADVERSE REACTIONS: Infections). 




IE should 

for latent tuberculosis infection may be falsely 
le possibility of undetected latent tuberculosis 
d, especially in patients wr 



r had cl 

i active tuberculosis. All patients t 



ct with a person 



ceived treatment for latent or active 
veloped active tuberculosis while being treated with 
REMICADE. Anti-tuberculosis therapy should be consid- 
ered prior to initiation of REMICADE in patients with a past 

tuberculosis therapy prior to initiating REMICADE should 



mosis or coccidioidomycosis is endemic, the benefits and 
risks of REMICADE treatment should be carefully consid- 
ered before initiation of REMICADE therapy. 
Serious infections were seen in clinical studies with con- 
current use of anakinra and another TNFoi-blocking agent, 
no added clinical benefit compared to 
. Because of the nature of the adverse 



to REMICADE therapy remains unclear. 
Hepatitis B Virus Reactivation 

Use of TNF blockers, including REMICADE has been 
dated with reactivation of hepatitis B virus (HBV) . 

stances, HBV reactivation occurring in conju 
TNF blocker therapy has been fatal. The majo 
reports have occurred in patients concomitanl 
other medications that suppress the immune sj 
may also contribute to HBV reactivation. Patients at: 
for HBV infection should be evaluated for prior evi 
HBV infection before initiating TNF blocker then 
scribers should exercise caution in prescribing TC 
ers, including REMICADE, for patients identified 
ers of HBV. Adequate data are not available on the 
efficacy of treating patients who are carriers of HBV; 
anti-viral therapy in conjunction with TNF bio ' 
to prevent HBV reactivation. Patients who ar 
HBV and require treatment with TNF blockers shoui 
closely monitored for clinical and laboratory signs ■ 
HBV infection throughout therapy and for several 
following termination of therapy. In patients who 
HBV reactivation, TNF blockers should be stopped and 
tiviral therapy with appropriate supportiv 
should be initiated. The safety of resuming TNF blcri 
therapy after HBV reactivation is controlled i: 



n of TNF block 
sely. 



Hepatotoxicity 

Severe hepatic reactions, including acute liver Iniliire.ja 
dice, hepatitis and cholestasis have brai rep t r 'k, 
post-marketing data in patients receiving REMU 7 DT 
toimmune hepatitis has been diagnosed in 
cases. Severe hepatic reactions occurred beti 
to more than a year after initiation ol UKMICADE; e 



ol |S 



prior to discovery of the liver injury in many of these 
Some of these cases were fatal or necessitated liver 
plantation. Patients with symptoms or signs of livi 
function should bo evaluated for evidence of iver iaj ajS 
jaundice and/or marked liver enzyme elev, • , ' % l 
times the upper limit .if norm il) develop 1 4 

should be discontinued, and a thorough investi : iu'onof| 
ubnorm ill > she il I 1 i n i ' i ' 
moderate elevation:; of Al ,T and AST have been observed 
Mti.-ots r-.vivttit- RKMh vitiwi.t impression til 

vere hepatic injury (see ADVERSE KKAGTIONS. Hep* 
toxicity). 

REMICADE has been associated with adverse outcod 
patients with heart failure, and should be used in . ' 
with heart failure only after consideration of otherji 

the use of REMICADE 

(NYHA Functional Class 1 1 I/TV) suggested higher mm 
in patients who received 10 mg/kg REMICADE, and I 
rates of cardiovascular adverse events at doses of 5i_ 
and 10 mg/kg. There have been post-marketing repari 
worsening heart failure, with and without identifiab" 
cipitating factors, in patients taking REMICADE. 
have also been rare post-marketing reports of new 
heart failure, including heart failure in patients v 



i with hear 



patients have been under 50 years of age. If a l 
made to administer REMICADE to patient " 
ure, they should be closely monitored dur 

REMICADE should be discontinued if nt.. 

symptoms of heart failure (see CONTRAINDICATIONS 
ADVERSE REACTIONS, Patients with Heart Fa ' 



pancytopenia, some with 
ported in patients receivii 
tionship to REMICADE tt 
no high-risk group(s) he 



i, thror 



ing treated with REMICADE 



n patients wl 



Hypersensitivity 

REMICADE has been associated with hypersei 
actions that vary in their time of onset and reqi 
talization in some cases. Most hypersensitivity 
which include urticaria, dyspnea, and/or 
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Cockcroft, D.W., e 
Creatinine Clearance from 
Creatinine. Nephron 16:31-41, 1976. 





STABILITY PERIOD 
(31-gram Pharmacy Bulk Packag 


)' 




Room Temperature 
2T to 24'C 170" to 75"FI 


Refrigerated 
4'C |40°F1 


Dextrose Injection 5*, USP 

Sodium Chloride Injection 0.99MJSP 


24 hours 



;uted stock soj«^n <^J m S| 
'refrigeration 4°C (40"F) and 
tion between 10 mg/raL and 



of Sodium Chloride In- 
. ,, , ^„.eu mu B «=. » M,«cti0D, USP, and Sterile 
orIn , USP, may be st d fr -m -18°C (0°F> 
>p to 30 days. Solutions prepared " ' 
5%, USP, may be stored frown -I 




HOW SUPPLIED 

Each 31-gram vial of TIMENTIN c aj rile ticai 
disodium equivalent to 30 grams t ii ilhi u erij 
' ivulanate potassium equivalent to Igram cm 
DC 31-gram Pharmacy Bi- 

TIMENTIN is als 

iC 0029-6B71-2o a.^,„,u- „_.__-« 
IC 0029-6571-40 3.1-gram ADD-VANTAGE®. . 

Antibiotic Vial - 
,1s of TIMENTIN should.be stored at or below 24 C 
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Albutein— Cont. 

hours after the container has been entered. Discard unused 
PRECAUTIONS 

ALBUMIN (HUMAN) U.S.P., ALBUTEIN® should be ad- 
ministered with caution to patients with low cardiac re- 
pulmonary edema. Patients should be closely monitored for 



ot be infused through the same administration set i 
•tion with ALBUTEIN® since these combinatior 

•a conducted'with Albumin (Human). It is also ni 
whether Albumin (Human) can cause fetal har: 



productive capacity. Albumin (Human) should be gr 



hypotensio 



c reactions are characterized primarily 
rash, nausea, vomiting, tachycardia and 
so been reported. Should an adverse re- 
r stop the infusion for a period of time 
i the disappearance of the symptoms. If 
been stopped and the patient requires 
additional ALBUMIN (HUMAN) U.S.P., ALBUTEIN®, ma- 
terial from a different lot should be used. ALBUTEIN®, par- 

DOSAGE AND ADMINISTRATION 

ALBUTEIN® is administered intravenously. The total dos- 
age will vary with the individual. In adults, an initial infu- 
sion of 100 mL is suggested. Additional amounts may be 
administered as clinically indicated. 

In the treatment of the patient in shock with greatly re- 
duced blood volume, ALBUTEIN® may be administered as 
rapidly as necessary in order to improve the clinical condi- 
tion and restore normal blood volume. This may be repeated 
in 15-30 



slightly lo> 



r sterile 5% Dextrose in 
ediatric Use: The pedi 
I.S.P., ALBUTEIN®, has 



1% Sodium Chloride solution 

use of ALBUMIN (HUMAN) 
een clinically evaluated. The 
id body weight of 



the individual. Historically, a dose 

the adult dose may be administered, or aosage may oe cal- 
culated on the basis of 0.6 to 1.0 gram per kilogram of body 
weight (2.4 to 4mL of ALBUTEIN® 25%). For jaundiced in- 
fants suffering from hemolytic disease of the newborn the 
appropriate dose for binding of free serum bilirubin is 1 



Flip off plastic cap on top of the vii 
per. Cleanse exposed rubber stop] 
dal solution, being sure to remove 
tic technique and prepare sterile i 



2. With bottle upright, thrust piercing pin straight through 



tic technique and prepare sterile intravenous equipment as 

1. Using aseptic technique, attach filter needle to a sterile 
disposable plastic syringe. 

2. Insert filter needle into ALBUMIN (HUMAN) U.S.P. 



,0 mL vial ALBUMIN (HUMAN) U.S.P., ALBUTEIN® 
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HIGHLIGHTS OF PRESCRIBING IN 
The following prescribing inform: 
labeling in effect September, 2007. 
These highlights do not include all the informati 
to use Gleevec safely and effectively. See full f 

GLEEVECfimolmio mesylate) tablets for oral us. 
Initial U S. Approval: 2001 

RECENT MAJOR CHANGES - - 



Indica 



and Usa| 



+ CML - 



s (1.3) 



Ph+ALL(1.4),MDS/MPD(1.5),ASMa .. 
DFSP (1.8) 1172006 
Dosage and Administration: Ph+ CML - Pediatrics (2.2), 
Ph+ ALL (2.3), MDS/MPD (2.4), ASM (2.5), HES/CEL (2.6), 
DFSP (2.7) 11/2006 
Warnings and Precautions: Severe Congestive Heart Fail- 
ure and Left Ventricular Dysfunction (5.4) 11/2006 



alpha therapy. There 



recurred after 
to interferon- 



(Ph+ALL)(1.4) 
• Adult patients with myelodysplastic/myeloproliferative 
diseases (MDS/MPD) associated with PDGFR (platelet- 
derived growth factor receptor) gene re-arrangements 



drome (HES) 
a (CEL) who have the 
FIP1L1-PDGFR fusion kinase (mutational analysis or 
FISH deroonstration.of CHIC2 allele deletion) and for pa- 
tients with HES and/or CEL who are FIP1L1-PDGFR 

» Adult patients with unresectable, recurrent and/or meta- 
static dermatoHbrosarcoma protuberans (DFSP) (1.8) 
• Patients with Kit (CD117) positive unresectable and/or 



ofGleev 



disease-related symptoms or increased survival. (1.9) 
DOSAGE AND ADMINISTRATION 

• Adults with Ph+ CML CP (2.1): 400 mg/day 

• Adults with Ph+ CML AP or BC (2.1): 600 mg/day 

• Pediatrics with Ph+ CML (2.2): 340 mg/m 2 /day or 

260mg/m 2 /day 

• Adults with Ph+ ALL (2.3): 600 mg/day 

• Adults with MDS/MPD (2.4): 400 mg/day 
Adults with ASM (2.5): 100 mg/day or 400 mg/day 

100 mg/day or 400 mg/day 
800 mg/day 



HES/CEL (2.6): 

• Adults with DFSP (2.7): 

• Adults with GIST (2.8): 



All doses of Gleevec should be taken with a meal and a large 
glass of water. Doses of 400 mg or 600 mg should be admin- 
istered once daily, whereas a dose of 800 mg should be ad- 
ministered as 400 mg twice a day. Gleevec can be dissolved 
in water or apple juice for patients having difficulty swal- 
lowing. Daily dosing of 800 mg and above should be accom- 
plished using the 400 mg tablet to ' 



PRODUCT INFORMATION 
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" natients regularly and manage u 
gain by drug interruption and an 

. Cytopenias, particularly anemia, 
bocytopenia, have occurred. Man 
or dose interruption and in ^rare 
?reatment ; Perform complete * 



fn^tiveheart failure and left ventricular dys- 
hav?Sn reported, particularly in ■ Pa^nte with 
PS2 =nH risk factors. Patients with cardiac dis 
risk LZlti ■ cidTac failure should be monitored 



ies in patients witn newiy uiac h^u in ( 



5.8 Hypereosinophilic Cardiac Toxicity 
S ADVERSE REACTIONS 



5 Adverse Reaction's in Other Subpopi 



6 ,^^5=Sy= t :nd Chronic Eosi, 

A in P De™^tofibrosavcoma Protuberans 
fill Gastrointestinal Stromal Tumors 
6 12 Additional Data From Multiple Clinical Tn: 
6 13 Postmarketing Experience 
' ?r A G g rn"Xng N CYP3AMetabo,i r 

7.3 Interact s th Dr ^ ^ ^ f , 




HEs! MDS/MPD and ASM) (5.8) hema multi . 

. Bullous dermatology reac ^f^.e been re- 



g ule^N SPECIFIC POPULATIONS 



8.7 Renal Impairment 
10 OVERDOSAGE 
DESCRIPTION 

CLINICAL PHARMACOLOGY 



, o„c on vomiting, muscle cramps, musw 

were edema, nausea vomm ng abdom i„al pain 

skeletal pain, diarrhea, rasn, iai B 

(6.1,6.11) „ ADVERSE REACTIONS, contact 

sS&r: ssss - 

. CYP3A4 inducers may decrease Gleevec w„„ 



' cTand AUC ofoter tog^). 
. Patients who require anticoagulation sr 
molecular weight or standard heparin 



12.3 Pharmacokinetics 
13 ™nes,s. I»pairn 



E^^rrs" 

^.riS^SrSS^ -no- 

philic Leukemia 
14 7 Dermatofibrosarcoma Protuberans 
14.8 Gastrointestinal Stromal Tumors 
16 R H ™P C P E LI E D,ST0RAGE AND HANDLING 
,7 PATIENT COUNSEUNG INFORMATION 
'.2 SLTyandTeast-Feeding 



e when co-administered with Ol^veci r.u< 

"^™.8™9^Sffi^»^ 

. There is no exoenence in 



iuTJ^RiscSiiSGlSF^^ 
1 INDICATIONS AND USAGE 

1 1 Newly Diagnosed Philadelphia rosmve v 

P^'rcPafents with Ph + CML in Chronic Phase 

14 Ph+ A™U Lymphoblastic Leukemia (ALL) 

15 Myelodysplastic/Myeloprohferative 
(MDS/MPD) = ,ac:M) 

Eosinophilic Leukemia (CEL.) 

2 2 Pediatric Patients with Ph+ CML 
2.3 Ph+ALL 
2 4 MDS/MPD 

2.5 ASM 

2.6 HES/CEL 

2.7 DFSP 

I! ^Modification Guidelines ^ 
2.10 Dose Adjustment Joi _Hepat„ 

Hematologic Adverse ™ ac ™^ atologic A d 

3 D OS/^E C FOTMS AND STRENGTHS 
i VVArMNG^ANo'pRECAUTlONS 

5.1 Pregnancy 

5 2 Fluid Retention and Edema 

5.3 Hematologic Toxirit * uft Ventric . 

5.4 Severe Congestive Heart failure >u 
ular Dysfunction 

5.5 Hepatotoxicity 



py^lL^RE^CfHlBlNG^INr^O^MATlonl 
1 nifDICATIONS AND USAGE 
1.1 Newly Diagnosed Philadelphia Pos 
Leukemia |Ph+ CML) 

Newly diagnosed adult patients with 
some positive chrome rt 



OV1L in Blast Crisis IBC), 
Chronic Phase (CP) After Interter 

Patients with p . hi \ ad *' ph ; a ^; 
myeloid leukemia in bias crisi. 
chronic phase after lailure on 
1 1 Pediatric Patients with Pn+ 
P^atric patients with Ph + CM 

ewlydia E 



interfere 



jte Lymphoblast 



creased survival. 
, ^Z^et^'phiiadelphU 
I Adult patients v. ; , , u t,c leukem" 
.TM^odv^asl-c/MveloproMeralive Diseas 

1 ^^J^^^ 



, be continued as long as there is no evidence 
^-^FSSSSty^adult 

33SS52ES5=SSaS 
aSb»SgSS£S 

at least 3 months of treatment failure to actu J 
netic response after 612 months of treatment, or -n*^ 
previously achieved hematologic _or cytogene ic 
r . .. Patients with Ph+ CML , , 

^Tptant or who ara resistant to uiterferon-alplva 

nended dose of Gleevec is 600 mg/day for adult 
th relapsed/refractory Ph+ ALL. 
^nded dose of Gleevec is 400 mg/day for adult 
ith MDS/MPD. 

1 mended. Dose increase from 100 mg ^ ^ 
' T b S es C smente demonstrate an insufficient response 

..oTeS/CEL 400 mg/day f0 r adult 

patients with^E^OTL. For HES/CEL 
100 me/day is recommended. Dose increa se iron. „ 

ufficient r 



ise of Gleevec is 800 mg/day for adul 




g"cYP3A4 inducer, based 



Eosinophilic Leukemia ^ICELI syn drome and/or 

Adult patients w.th 'W^ 05 ;™?™'^ the FIP1L1- 
chronic eosinophil!' euKenu ^ , llysls or F1S H dem- 
PDGFKo fusion ^ase m ^ fcr paUent , wl th 



patic !™P a ' r " e ", ° the recommended dose. A 25% 
should \Trecl™ended dose should be used for pati, 
wvtbsevere heparicTmpairment Isee Use m Specific Pop 

Continued on next pa 



